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(57) Sy Sterne comprenant une serie d 'unites de 
commande de recoulement du gaz dans des coffrets, qui 
sont reliees afin de distnbuer du gaz de fabrication, sur 
demande, a une serie de lieux d'utilisation appeles 
« emplacements d^outils » dans une usine de 
fabrication de semi-conducteurs. Dans le circuit, les 
transducteurs servent a mesurer des pressions et d'autres 
parametres de commande. Le reglage a zero des 
transducteurs est obtenu en soumettant chaque 
transducteur a un programme informatique de reference 
pour calculer la difference entre la valeur standard et 



(57) A system mcluding a plurality of gas flow control 
units in cabmets which are connected to distribute 
process gas, on demand, to a plurality of utilization 
locations known as "tool" locations in a semi-conductor 
manufacturmg plant. Transducers are used in the system 
to measure pressures and other control parameters. Zero 
calibration of the transducers is provided by 
automatically subjecting each transducer to a reference 
computer routine to compute the difference between the 
standard value and the transducer output, and store the 
difference as an "offset" to correct the output of the 
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les sorties des transducteurs, et pour stocker la 
difference sous forme d'un « ecart » afin de corriger 
la sortie du transducteur. De cette maniere, le nouveau 
reglage est realise simplement et rapidement; entraine 
des couts de main-d'oeuvre relativement peu 61eves et 
provoque un arret de service relativement court pour le 
circuit. 



transducer. Thus, re-calibration is performed simply and 
quickly, at a relatively low labor cost and with relatively 
little downtime for the system. 



Industrie Canada Industry Canada 



2165847 



22 



24 
Vl) 



52' 



34- 



26^ 




CABINET n 



\ Vl 








LJ 



C/I8/A/£T3 



'38 



30 




-n — 7 — 

J? ^0 36 29 



-40 



20 



42. 



root 



30 37 

— ^ TOOL 2 
TOOL 3 



TOOL n 



S6 





FIG.I 



2165847 



76 




69 



63 



65 



FIG. 2 



-l 62 




1 



I 



A » — rr 



6f 



70 



72 



7^ 



ffEACf/ FOR SAS 
60, 




GAS RfSEI 



68 



GAS ON 



PURGE ON 



FIG. 3 



CAB.i CAB. 2 CAB, 3 



CAB. n 




31 30 35 35 



-40 



42. 



TOOL 





60 82-] 



\ 
I 



44. 



CONmOL 
COMPUTER 



98 




2165847 



r 



J04 
/ 

CYL. A 
A 

CYL e 

SCAl£ A 
SCALE B 

pr3 A 

PT3 B 

PT3 C 

PT3 D 

£xM/i(/s r 

PO^GE LEG X 
A,B.C 



302 

—h 



ANALOG 



/A/Pi/T 



C/PCO/T 




O/O/TAL 

/A/Pi/ rS^ OUTPUTS 

3f4 



DIG/TAL 
I/O 



OPERATOR 
PA A/EL 



D/SPLAY 
PANELS 



3oe 



MEMORY 



CPU 




'30G 



r 
1 



21^307 



^CAB/A/ET f COA/T/eOL 
C//eFCC//T 300 



FIG A 




323 

-4: 




3Z6 



0 





irc//? 
331 




ALAm 

If^TER- 

FACE 
3Z8 




CFUA f/lfL 
CP(/3 FAfL 
yiSCABCOMMIML 

fi^TmOR FAIL I 
P0l^£l^ FA/L 




^42 



FIGA(cont'd) 



2165847 



FIGS 




2165847 




2165847 



FiG.e 



152\ 



TOOL 2 



TOOL 



DIST. 
\/ENT 

169 



TOOL 4 



f 32 
PURGE 



153 



IA6 



571 



/4t 

PTSB^ 



C7\ 



PT5C 



/43J\ MO 'r ' 



125 07 
PU> f4L 



f35' 



J^^{> d5\ 

9 m 



C3I 



'P3 



RF6T\ 




PT2A fZ3, 



'/27PIC. 



:Dxa 



r54^ 



^ f MAN /FO LD /JO 



,PT2B 
W 




■CYLA 

m 



62 66 m^\/£HT 
CYL 6 /n:i S5 \^ V 



cume 

A 

GAS 

source A 



155 



o: 



m 



^^ff GAS 

B SOURCE 



CHANGES /3^H 

HOUSE hl2 



2165841 





\/Al^£ OA/ D£y/C£ 



CiVZ £TC^ 




A^£/}S£/J^£D l//9ll/£ 

-/D£/)L y/n/y£ 





ey z£J^o or£s£T 



OT//£/^ SC/ll/A/6 OA/ 
AA/ALOG J^£/IO/A/S 



/A/ A^OA/ U^6?l/i7'/L£ 
M£MO/Zy 



£/A//SH 





FIG. 10 



FIG. 9 



2165841! 



FIG J I 




2165841 



/ 



y 



y 



\CUISiyALV£i 



DELA y 
WAIT 2 
SECONDS, 



OPEN 

\/£NT 
VALUE 

ve 



!£L£/IS/NG 
^JtESSUKE COUNT\ 



_)7US7lZ£RQ, 

.OFFSETS tSTCfiem^ 
LEG mMSPUCEI&i 



NB^ VALUES, 



""ZE^O CALfB. 
COMFIETE^ 



VENT 
VALYE 

ve 



/A//T. A SCALE \ 
FACTORS J 



DELAY 
WAIT IS 
SECONDS 



DELAY 
WAIT 2 
SECONDS, 



DELAY 

WA/T 3 
SECONDSi 



TL/e/V 
OFP 

V6 



, ETA/- 
FCfA/CT/ON um 

ILEAR FUNCT/ONj 

1 




FIG.I2 



2165847 



2£^0-R£&T250 



6T£p 

1 

•p 



2 
7 



3 



A/ 



7 



hi 



5 

7 



STEP 



7 
? 

w 

^ST£P 
8 



I OPEN 

ve 



WAIT X 
SECONDS, 



QUAY \ 
aECONOS/ 



\l^£Air 7W£ ^^^^ 



i 



y 



T>/SPLft. 

'"SrCI^/N& Ni 
VALUES'' 



f ^(T_ A SCAL 
•-/A/Zr/AUZ 

MMOG CONY& 
FACTORS 



1?/SFlA 




^CLOS£ AU 
CM l/ALVFSi 
, £XC£FT 




CL0S£ 

IY6 



D£IA/ 

WAfT 3 
SECONOSi 



y 



fhA/cr/OAi Oy£t 

,CjL£A/^ fUNCTJON 




FIG J 3 



2165847 




I 



7 y 4 ? 



I 

I 
I 

I 
I 



A 



it 



I 

I 

I 



s 

UJ 

I 





1 













i 



^5 




A 







CQB/NET 
I/O ' 

I/O 


Apjpom TOCmGECYLA 
^F2 PURGE TOCHMGE CYLB 

— ^ ^ ^^^^^ ^^\.3 ^ 

^f4MAimmCEPU^ECYL 5 

P6DN GO TOmTPAGEUSl 
PGUP 60 7D PREVIOUS US . 


(r4) 




(f6) 

1 fcD/l/Pf\ 




..•*.*,•,! . •■;,;:. 1 
- i V- , . 1 


1' 1 1 r "1 ' "] ' 

0 200 400 600 600 
FX///tE/ST FWfV 4S0 


F7 


1 

\cOA/F/0 






ESC 



■azTOOE 3/4 



64.0 



7^.0 



59.0 



A 



4- 




A 



It 




A 





CM 

0: 



A 


























FIG. 









^1 



10 10 
'^J 

•NJ VI 



X QCJ V) 
Hj 

Vo N vl VJ 

^^^^ 

<^ § 5 ^ 

Nl N N 

n »< k k 

. ^ ^ ^ 



C3 



0^ 



k 

5 



i, 

5 k 



^ XI \J 



A 



-1- 



21.65847 



Thl. invention relates to process gas distribution 

systems and methods. 

systems and methods presently are used for the 
„„™,tio or semi-automatic control of process gas 
iuon in semi-conductor manufacturing -^-^ 
and method which is highly advantageous i. ahovm in O.s. 

""tsstrto'^the assignee of this patent appli<^ti,n 
oespite i« excellence, further improvements are needed to 
solve several remaining problems. 

some prior systems provide tor remote control at a 

single computer console of a large number of 
con«ol units or "cabinets" . Each control unit controls the 
7Zt Of process gas to one or more locations where t.. gas 
is used to maKe semiconductor devices. These locations are 
clued "tool" locations. Most control units are located 
" ttvely tar from the tool locations. It ^ " 

:l cLumcatlon linKs between the tool ^^'-'-^' '^ 
new control cabinets and to provide means for monitoring and 
flow cone central location. The problem is 

controlling the units at a cenir«i 

how to do this without excessive cost. 

Another problem with prior systems and methods has 
been caused by the need to re-calibrate transducers in the gas 
TZ control cabinets at periodic intervals. For example, it 
h been customary to zero-calibrate pressure transducer . 
every three to six months or so. The process used in the past 
"«n has required up to a full day of labor by one worXer for 

cabinet^ This creates relatively high 
Shuts the control unit down for a substantial time during 
which it cannot be used for production. 

A further problem has been created by the expansion 
Of the capabilities o, each of the gas flow control cabinets 
so that it can deliver gas to any one or more of several 
SO tiiow X A^y^^r^A Thls has Created 

different tool locations upon demand. This has 

problems in purging the gas line, of toxic ^as for worXer 
safety during local maintenance of the flow control units It 
the "flow-through- process is used, where a purge gas such as 



-2- 

nitrogen simply is pumped in one direction through the 
delivery conduit, it must flow through the long conduit from 
the cabinet to the tool. This is wasteful of expensive gas, 
and wastes time. Furthermore, sometimes it is not possible to 
use the flow-through process, in which case maintenance work 
on the long delivery conduit can be hazardous. The problems, 
then, are how to achieve safe local purging without incurring 
excessive costs, and how to purge the long delivery conduit 
when flow-through purging is not available. 

A similar problem in purgini^e.conduits Jias been 
created by the addition of means for delivering gas 
selectively from two different supply tanks and switching back 
and forth between the two tanks. 

Each of the gas flow control cabinets has an exhaust 
outlet which is connected to an exhaust duct and from which 
air and gas from the inside of the cabinet is exhausted at a 
relatively high flow rate in order to avoid the accumulation 
of toxic gas in the cabinet due to leaks, etc. Flow 
measurement means are provided to measure the flow rate of the 
exhaust gas. If the flow rate falls below a pre-determined 
safe level, an alarm is activated so that the low flow 
condition can be remedied. Usually, each duct and fan is an 
place in the plant before the cabinet is installed. If the 
diameter of the duct is not the same as that of the exhaust 
outlet, the flow rate measurement will be erroneous. A 
tedious and expensive firmware program adjustment then is 
required in order to avoid this source of error. The labor 
cost and time to do this constitute another problem to be 
solved. 

A further problem in prior gas distribution systems 
is that sometimes it is necessary to change the association 
between a tool location and the gas distribution conduits. 
For example, it may become necessary to supply a given tool 
with a different gas or mix of gases, and it may be necessary 
or expedient to change the connection of different gas 
distribution conduits to the tool. In the past, this has 
required re-wiring of the electrical connections so that the 
tool is correctly connected to the proper control unit or 
units corresponding to the new gas conduit connections. The 



2 i t- 5 3^^ 



-3- 



inventors have recognized that the re-wiring requirement is costly and 
time-consuming; it increases equipment down-time and reduces 
productivity. 

Op prT OF THF. IN VF>JnON 
In accordance with the foregoing, it is an object of the present 
invention to provide improvements relating to process gas distribution 
systems which allow various transducers which convert process gas 
distribution parameters into electrical signals to be re-calibrated very quickly 

and at a relatively low cost. 

-^TTT TH ^FY '^F TMVF.MTION 
In one aspect of the invention there is provided, in or for a 
process gas distribution control unit handling hazardous gasses having gas 
conduit means for conducting said process gas from a source towards a 
utilization location, control means for controlling the flow of said gas 
through said conduit means, and at least one gas pressure measurement 
transducer for measuring the pressure of said gas in said conduit means, a 
system for calibrating said pressure transducer comprising reference means 
for subjecting said transducer to a known value of pressure, means for 
measuring an electrical output signal of said transducer, means for 
comparing said electrical output signal with a known standard signal and 
developing a difference signal corresponding to the difference between said 
standard signal and said output signal, memory means for stormg data 
corresponding to said difference signal, and correction means utilizmg the 
stored data to correct the output signal of said transducer. 

A further aspect of the invention provides a method of 
calibrating gas pressure transducers in a process gas distribution system 
handUng hazardous gasses having gas conduit means for conductmg 
process gas, said method comprising the steps of: 

a) subjecting each of said transducers to a reference value 
comprising a known gas pressure; 

b) measuring the electrical output signal of said transducer; 
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c) utilizing a pre-programmed digital computer havmg a 
memory to compare said measured output signal with a 
pre-determined electrical signal corresponding to said 
known pressure and determining the difference 

between said signals; 

d) storing in the memory of said computer data 
corresponding to said reference; and 

e) utilizing said stored data to correct subsequent output 
signab of said transducer. 

As stUl further aspect of the invention provides, in or for a 
process gas distribution control unit handling hazardous gasses having gas 
conduit means for conducting process gas from a pressurized contamer 
towards a utilization location, support means for supporting a. least one 
pressurized container of process gas and weighing means for weighmg sa.d 
container to determine the amount of gas in said container wh.le sa^ 
container is connected to said gas conduit means, said we.ghmg means 
including at leas, one weight measurement transducer, a system or 
calibrating said weight measurement transducer comprising means or 
measuring and electrical output signal of said transducer means or 
comparing, with a known standard signal, a reference value of sa d 
electrical output signal produced when said weighing means .s sub,ec ed to 
a reference weight and developing a difference signal correspondmg to 
difference between the value of said standard signal and said re erence 
value, memory means for storing data corresponding to said d.fference 
signal, said correction means utilizing the stored data to correct the output 

signal of said transducer. ,u j „< 

A still further aspect of the invention provides a method of 
calibrating gas supply detectors in a process gas distribution syst™ handing 
hazardous gasses having gas conduit means for conducting process gas from 
a pressurized container towards a utilization location, said detectors 
comprising weight transducer for weighing a pr^urized container of 
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process gas to determine the amount of gas in said container while said 
container is connected to said gas conduit means, said method comprising 

the Steps of: . 

a) subjecting each of said transducers to a reference weight, 

b) measuring the electrical output signal of each of said 
transducers; 

c) utilizing a pre-programmed digital computer with 
memory to compare said measured output signal with a 
pre-determined electrical signal corresponding to a 
reference weight and determined the difference between 

said signals; 

d) storing in said memory of said computer data 
corresponding to said difference; and 

e) utilizing said stored data to correct subsequent output 
signals of said transducer. 

Another aspect of the invention provides, in or for a process 
«as distribution control unit handling hazardous gasses having a gas 
conduit to conduct said process gas from a source towards a utilization 
location, a control unit to control the flow of said gas through said condmt, 
and at leas, one gas pressure measurement transducer to measure the 
pressure of said gas in said conduit, a system for calibrating said pressure 
transducer comprising a reference source to subject said transducer to a 
known value of pressure, a measuring unit to measure an electrical output 
signal of said transducer, a comparator to compare said electrical output 
signal with a known standard signal and to develop a difference signal 
corresponding to the difference between said standard signal and sa>d 
output Signal, a memory to store data corresponding to said difference 
signal, and a corrector which uses the stored data to correct the output signal 
of said transducer. 
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A final aspect of the invention provides, in or for a process gas 
distribution control unit handling hazardous gasses having a gas conduit to 
conduct process gas from a pressurized container towards a utilizafon 
location, a support for supporting at least one pressurized contamer of 
process gas and a weighing device to weigh said container to determme the 
a„,ount of gas in said container while said container is connected to sa,d gas 
conduit, said weighing device including at least one weigh, measurement 
transducer, a system for calibrating said weight measurement transducer 
comprising a measuring unit to measure an electrical output signal of sa.d 
transducer, a comparator to compare, w.th a known standard s.gnal, a 
reference value of said electrical output signal produced when satd 
weighing device is subjected to a reference weight and to develop a 
difference signal correspondmg to the difference between the value of sa.d 
standard signal and said reference value, a memory to store data 
corresponding to said difference signal, and a corrector utilizing the stored 
data to correct the output signal of said transducer. 

Disclosed herein is a process gas distribution system and 
method in which the remote gas control units are connected sequentially to 
one another and by a single communication cable to a tool interface 
controller, which also receives signals from various tool locations and 
communicates them to the respective cabinets. 

A supervisory control computer, preferably a simple and 
relatively inexpensive personal computer, communicates with the tool 
interface controUer to provide monitoring of the operations of the vartous 
cabinets and to control the flow of gases to the tools. A separate data 
processor is provided in each of the cabinets to control its uncfons 
independently from the supervisory control computer. Preferably, direct 
control by use of the data processor in the cabinet will override control from 
the central supervisory control computer. 
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The cost of this system is further minimized by the use of the 
ir,terface unit to enable communicadons between the tools and the cabinets 
instead of separate cables com,ected from each tool to each of several 
cabinets, as in some prior systems. Tl,e cable and instaUation costs thus are 

reduced significantly. 

Zero calibration is provided, advantageously, by automahcally 

subjecting each transducer to a reference standard having a known 
parameter value. A computer routine is used to compute the difference 
between the ideal output of the transducer and its actual output. Tlrat 
difference, called an "offset", is stored in computer memory. Later, the 
off^t is used to correct each reading of the transducer. Advantageously 
components of the system which are used for other purposes also are used 
to provide a zero reference for each of the transducers. By this means, re- 
calfbration is performed simply and quickly, a. a relaHvely low labor cost 

and with relatively little downtime. 

The multiple distribution legs of each gas flow control unit, 
and the delivery conduits to the tools, may be purged by the altemaHng 
connection of an evacuation source and a source of purge gas to he 
distribution legs, with a number of such cycles being selectable, and the 
duration of each of such cycles being selectable. This provides variable and 
adjustable cost-saving local purging for the multiple distribution legs, and 
also provides purging of the delivery conduits to the tools when flow- 
through purging is not po^ible, thus providing improved safety. 

Purging of toxic gas from conduits from plural selectable gas 
sources also is provided by purge control means similar to that described 

above for the distribution legs. 

The exhaust duct diameter can be compensated for, if it is 
different from that of the exhaust outlet from the cabinet, by storing 
different constants for different outlet duct sizes, and utilizing a computer 
routine and the stored constants to compute the flow rate. Thus, the 
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„easu..men. corrections are made by means of a few simple keysttokes of 

the gas cabinet controls. 

Programmable interface means may be provided for enablmg 
the control of gas delivery trough selected gas distribution condu.ts. 
Preferably, communications lines from the tool locations are terminated m 
a centrally located interface unit. Each tool is identified by a number. The 
responsiveness of each gas delivery leg to gas demand signals from a grver, 
tool is stored in programmable memory, and the association between tool 
signals and gas delivery legs is stored in computer memory meam. A 
change of the associations can be made by relatively simple software 
procedures for changing the data stored in memory, thus avoidmg 
expensive re-wiring. 
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Other objects and advantages of the invention will 
be set forth in or apparent fro» the following description and 
drawings. 

Via 1 is a schematic diagram of a process gas 
.istrihution system constructed in accordance with the present 
invention; ^ ^ ^^^^^^^^^ ^^^^^^ of a 

connection be;ween the tool interface controller and one of 

the tool locations shown in Fig. l; .„ 
the tool 1^^^^ ^ ^ schematic circuit diagram of an 

^alternative embodiment of the system shown in Fig. 1; 
alternative ^ ^ ^^^^^^^^^ ^^^^^^^ ^^^^^^ ^ , 

of the system shown in Fig. 1, showing in some detail the 
of the sysA. interface controller and one 

electrical components of the tool incerta^.« 

rsf the aas flow control cabinets of Fig. l; 

Fig. 5 is a side-elevation view partially broKen 
away of one of the gas cabinets shown in Fig. 1, with the side 
t^anel removed to show the internal components; 
panel ^ ^ f.ont-elevation view of the cabinets 

. pi« 5 With the front doors open and part of the 
shown in Fig. 5, wix:n , via 6 is 

components broken away for the sake of clarity. « ^» 

also partiaixy schematic in showln, the exhaust system In the 

„,p.r portion of ^J^^'^^^^^^^ control an. 

aispxay portly of the gas cabinet shown in Fi,s 5 and 6, 

Fig. » i« a schematic gas flow control diagram 
showing the distribution of gas by means of the gas cabinet of 

' "pi^;. , and 10 are generalised flow diagrams for the 

^L.,^ used for automatic «ro calibration of 

computer programs usea tut 

transducers used in the gas flow control units; 

Fig U is a flow diagram for a computer program 
used for «ro 'calibration of a weighing scale 
the contents of on. of the gas bottles in the cablhet of Figs. 

' *' Fig 12 is a "o« -""^r™ « computer program used 
to zero-calibrate the gas pressure transducer, in the 



distribution gas flow legs of the cabinet shown in Figs. 5 and 6; 

Fig 13 is a flow diagram of a computer program used for zero 
calibration of the transducers in the gas flow lines leading from the gas bottles in 

the gas cabinet of Figs. 5 and 6; 
5 Fig. 14 is a schematic diagram of a data packet used in 

communications between the cabinets and the tool interface controller of Fig. 1; 

Fig. 15 is an enlarged view of the control panel and display shown m 

Fig. 7; and 

Figs 16-25 iUusatrate displays which appear on the display screen of 

.0 the supervisory control computer of the system shown in Fig. 1. 

fiPMFF AT nRSrRTFTION 
Fig 1 shows a process gas distribution system 20 as it is used in a 
semi-conductor manufacturing plant. The semi-conductors are manufactured 
using equipment such as diffusion ovens, etc. at various different locations in the 
15 plant, each of which is referred to as a "tool" location. 

Located in one or more locations remote from the tool locations are a 
plurality of gas flow control units 22, 24, 26, 28, etc. which are used to store process 
gases which often are highly toxic, and to control the distribution of those gases to 
the various tool locations. Each of the cabinets is "smart"; that is, it contains its 
own CPU, memory and other digital and analog interface circuitry, together with 
its own control panel, to enable it to operate alone without a remote computer. 
Each cabinet can be operated separately and independently of every other cabmet, 
and independently of other equipment in the system TT.e circuitry of each cabmet 
is described in some detail below, and in the aforementioned U.S. Patent No. 
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25 4,989,160. 
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The control circuitry of each cabinet 22, 24, etc. is comiected to the 
next cabinet by means of a plug-connectable shielded communications cable 30. 
Each cable 30 is connected to its neighbor and to the circuitry of one cabmet 
through a plug receptacle 31, 33, 35, 37, etc. All of the cabinets are connected m the 
same manner so that the 
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cabinets are connected together .e<^.entl.Uy in -daisy-chain- 

Hsilon. They are connected through a plu, 

colnication. cabXe lin^ 40 to . tool interface controller 

. ^ «««*.».rti\er 42 is connected by a 
Tool interface controller 

.o^unications c..le to ^ "^Y^^'l^::^^ "dll 
Which include. " ^'^^^^"^^ ^1^" " o^^-''.. to it. 
dlsDlay screen 50, and has a prinu... . 

auoervisory control computer U • 
Advantageously, the supervisory 

relatively inexpensive personal co»put«r such a. the IBM PS/2, 

Advantageously, the tool interface controller is 
connected by the shielded cable 40 to the first -^1-* » 
.-cabinet 1-1, -hich is then connected in se^ence ^oc.^^^ 
3 and 4 and as -any other cabinets as there are in the 
siste. up to 120 units, as the syste. presently is 
system, up .-aller numbers of cabinets 

configured. Of course, larger or smaller numo 

can L incorporated in the system. Tor ^^'J^'l'^,'^' 
number of the last cabinet in the ""^^^^ " ;„ 

Additional cabinets can be added into the system 

• . ..u ,-9binet to its nearest neighbor, 
simply by plugging in a new cabinet to „. „ot 

and re-configuring the system in software. Re-wlrln, 



needed. 

The 



The tool interface controller Is adapted to 
seguentially poll each of the cabinets to send "^ "^J^ 
meLges to and from each of the cabinets so as to enable 
monitoring of the cabinet operation at the -P^-^-"^^°; 
computer 44 and control of the functions of the cabinets fro. 
that computer. By the use of this polling -"hni^e-J^e 
necessity of using separate cables from each of the cab nets 
to the interface controller 42 is avoided, and a s^^nif cant 
cost saving is achieved. Furthermore, since only a 
low baud rate is used in the communications signal 

»h» cable can be relatively inexpensive 
transmissions, the cable can n ^^le which 

shielded cable rather than the more expensive cam 

otherwise might be required. 

in accordance with one of the advantageous features 
of the invention, signals are conducted between the controller 
42 and the tools on lines 52, 54, 56, 58 etc. The number of 
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tools which can be connected is relatively large - ^•9'' «P 
to 120 tools in a system which has been built and successfully 
tested. Larger numbers are possible. 

Jnln, now to Fl,. 2. on. of «.« lines S2 .ctually 
is shown to have six separate conductors connected at th. 
controller end to a terminal block 55, and at the tool end to 

a terainal block 57. 

Hben an operator at a tool location desire, to start 

the flow of proc... gas to th. tool, th, operator do... . 
switch «0 and .omantarlly elo... a g«. r...t .witch 68 to 
inltiat. the flow of ga. froB an appropriate one of the ga. 
cabinets. 24 volts DC is sent from terminal 61 at the tool 
location to terminal 59 at the controller location over line 
76 to enable switches 77 and 78 to operate, switch 77 close, 
and light. «. indicator lamp 72 at th. tool when gas i. 

flowing. , _^ ^4. 

switch 78 Closes to energize an indicator lamp 74 at 

the tool location to indicate when a purge is in process. 

The -ready for gas" and -gas reset" signals sent 
over terminals 62, 63, 64, 65, and 70 and 71, are delivered by 
the tool interface controller 42 to the appropriate gas 
cabinet to cause the opening of various valves to start the 
gas flow. When the gas flow is to be shut off, the switch 60 
is opened, and the controller 42 sends a signal to the gas 
cabinet and causes it to shut off the gas flow. 

Fig. 3 shows an alternative arrangement for 
communication with each of the tool locations. Instead of a 
separate six-conductor cable connected from each of the tool 
locations to the controller 42, a single communications cable 
80. like the cable 40, is connected to the controller, and a 
separate tool termination unit 92, 94, 96, 98, etc. is located 
at each of the tool locations. Each unit 92, 94, etc. 
contains its own memory and CPU. such as that provided by a 
microprocessor, together with programming sufficient to enable 
it to communicate with the controller 42 in response to 

polling. . . ^ 

Each of the tool termination units is connected to 

its neighbor by means of a plug-in connector 39. 41. 43 and 



10 



15 



25 



30 



35 



-10- 



2165847 



45, etc., through cables 84, 86, 88, 90, etc. and cable 
section 82 in "daisy-chain" fashion, in the same way that the 
cabinets 22, 24 etc. are connected together, and all are 
connected to the interface controller. By this means, a great 
deal of wiring, labor and materials cost is saved. 

Each of the embodiments shown in Figures 1-3 gives 
considerable savings of installation and wiring costs, as well 
as further savings of re-wiring costs when the tools are later 
connected to receive gas from different cabinets. For 
example, in one typical prior system, if four different gases 
are delivered to a single tool, each from a separate cabinet, 
four different cables are used to connect the tool 
electrically directly to the four cabinets. With the 
embodiment of Figures 1-2, only one cable from each tool to 
the TIC is used, and in the Figure 3 embodiment, only one 

cable is used for all tools. 

Further saving are gained by both embodiments in 
avoiding the cost of re-wiring the tools to the cabinets when 
the association of a tool with the cabinets is changed. 

20 ffXHTWET CIP C"TTRY AND nftp7.pnTft.BR DETAILS 

Fig. 4 is a schematic circuit diagram of the control 
circuit 300 for a single gas flow control unit or cabinet, and 
shows some of the details of the controller 42. The 
controller 42 communicates with the gas cabinets and the 
supervisory computer 44 through a standard communications 
board 320. 

The controller 42 is the sole connection between the 
tool locations and the gas flow control cabinets. Therefore, 
it is important that it be as fail-safe as possible. To this 
end, a certain amount of redundancy is provided. Instead of 
one, there are two CPUs; a first CPU 322 and a second CPU 324, 
each of which has a random-access memory ("RAM") 323 or 325. 

An arbitrator circuit 326 is provided to determine 
when one of the CPUs is not operating and automatically switch 
in the other CPU. Alarms 328 are provided to indicate if 
either or both of the CPUs is inoperative; to indicate if the 
arbitrator circuit 326 is inoperative; to indicate whether 
power is not being supplied to the controller; to determine 
whether the communication link 40 is not operating, etc., all 



10 



15 



20 



25 



30 



35 



-11- 



2165847 



in order to maximize chances that the terminal controller is 
operating at substantially all times, or that an alarm will 
call attention to any problems so they can be corrected 
cjuiclcly. The construction and operation of the -^^^rator 
circuit and its control of the CPUs is conventional and will 

not be described further herein. , ^ . . 

The controller 42 also has several interface 
terminal units (-ITU-) 327, 329, 331, etc, to which the tool 
cables 52, 54, 56, 58, etc. are connected. The number of 
ITU'S used depends on the number of tools in the system. Each 
tool and its cable is identified by the simple expedient of 
connecting it to a single terminal in one of t^^^;^/' 
giving each terminal (and thus, each ^-^>/" 
L^e!. Each ITU comprises a circuit board with six 
connection terminals, each terminal connected to a specific 

^°°^* The ITU arrangement is modular. The number of ITU 
units can be changed easily to accommodate a greater or lesser 

number of tools in a system. ^^t-all 

As it will be described below m greater detail, 
When the start or stop of gas flow is requested by signals 
from the tool location, the interface controller broadcasts 
the signals to the gas flow control cabinets, and each cabinet 
Which controls gas conduits connected to the tool recognizes 
the tool number and starts or stops the flow of gas to the 

In the embodiment of the invention shown in Figure 
3, each tool is identified by a uniquely coded signal which is 
transmitted to the tool interface controller 42 periodically, 
by polling, along with gas flow start and stop signals, and is 

broadcast to the cabinets. 

The cabinet control circuit 300 shown m the upper 
left-hand portion of figure 4 includes an analog input circuit 
302, Which receives analog inputs on lines 304 from various 
transducers and other sources and amplifies those signals and 
converts them from analog to digital signals. It delivers the 
digital signals over a bus 318 to a CPU 306 which has a memory 
308 The memory 308 contains both volatile RAM storage chips. 
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as well as electrically erasable prograBMable read-only memory 

'"™"'Tbe ^entity o. the si,»l suppUea on each analo, 
inout line 304 1. ..rKed to the left of the line. Those 
i^r^tni are .hown in ri,s. 6 and . to indicate their source 

Also provided in the circuit 300 i. . digital 
. -<» i,i which receives digital signals and 
input/output unit "4 «hl=h r operator 

transmit, them over a >"» "* ^ ,Uplay 

panel 138 which U shown in figure. 7 ana i , ai„iav 

^anel. 310 also receive signal. ^^t^^to "J Cd 

the various warning lights and indicators to d 

A set of DIP switches 307 is provided to set a code 
number to uniquely identify the cabinet to the rest of the 

Further description of this circuitry and its 

operation will be given below. 

n^ff^y pT coK«TRncTiON 

Figs. 5 and 6, show the construction of one of the 
cabinets 22. The cabinet 22 includes a rear wall 106 a 
.ottom wall 112, and front doors 108 and 110. ^^l' ^J^ ^ 
lef t-side elevation view, with the front doors 108 and 110 
open and the side-panel of the cabinet removed to show the 
open ana t^h components broken away, 

inside components, with some of tne co p 

The cabinet 22 includes a control housing 92 with a 
display panel 94 having a handle 96 for opening it As it is 

. K nanel 94 is angled downwardly so as to 

shown in figure 5, the panel »4 y 

be readily viewable by an operator standing in front of the 

The cabinet 22 has an upwardly-sloping upper wall 98 
(Fig. 6) Which ends in a centrally- located exhaust outlet 
conduit 100. connected to the exhaust outlet is an exhaust 
duct 102 Whose diameter "d" is less than the diameter of the 

exhaust conduit 100. ««^«nv is 

An exhaust fan 104, shown in Figure 6 normally is 

located on the roof of the building in which the gas 
distribution system is located. It connects with the conduit 
102, as indicated at 136, to exhaust air and other gases from 
the interior of the cabinet 122 to the atmosphere, where they 
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can do no har«. Thus, the exhaust fan "^^^^^^^'/^^"^^^ 
operating personnel by removing process gases whxch might 

accumulate in the cabinet. 6^ 

The cabinet 22 also includes a shelf 120 (Fig. 6) 
supporting a scale 118 and a cylinder 116 of process gas. A 
Lcond cylinder 114 of process gas rests on a second scale 107 
resting on the floor 112 of the cabinet. The scales 107 and 
118 contain transducers which convert the weight of the gas 
bottles into analog signals which are among the •"•^-^/^"^^ 
to the control cabinet circuitry shown in Fig. 4 labeled 
..SCALE A" and "SCALE B«. The weight of the gas cylinders 
indicates the amount of gas left in them. 

Gas is distributed from either bottle 114 or 116, as 
needed, so as to ensure an uninterrupted supply of process 

various gas flow lines in the cabinet 22 include 
sections 126 and 128 which form a "cylinder --i^^^^" 
(Fig. 8) which conducts gas from the bottle 114 or 116 to a 
..cr!ss-over« manifold 124 (Figs. 6 and 8) which changes the 
bottle from which gas is supplied. 

A gas distribution conduit system, called a 
..distribution manifold- is shown at 134 (also see Fig. 8) . It 
includes four vertically aligned distribution "legs", which 
ITll be described in greater detail below, to distribute gas 
to 1 2 3 or 4 different tool locations simultaneously. 

' ' Also shown in Fig. 6 is an inlet 130 through which 
nitrogen from a "house" supply of nitrogen is supplied to the 
cabinet. An inlet 132 is provided for bottled nitrogen from 

a local supply. „4i-„t 

At the top of Figure 6, inside the duct 102, a pitot 

tube transducer 105 is mounted. The transducer 105 is used to 
measure the velocity of exhaust gas flow through the conduit 
for purposes of determining whether the exhaust flow is above 
predetermined safe level. The output of transducer 105 is 
labeled "EXHAUST" in Figs. 4 and 6, and is one of the analog 
inputs to the data processing system of the cabinet. 

^^ g ^xg'TOTBPTION P TPTFH CABINETS 

Fig. 7 is an enlarged view of the front panel 94 of 
the cabinet 22. Displayed on the panel is an operator panel 
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138, and .ch»atie diagram, ol th. distribution ..nifold «4 

and the cylinder manifold 136. 

Fig. 8 is a schematic diagram showing the piping and 
other flow control elements in a single one of the 9" 
control cabinets. Figure 8 is an enlarged reproduction of the 
two diagrams 134 and 136 which appear on the panel 94 of 
Figure 7, except that the two diagrams have been joined 
together and modified, for the sake of clarity. 

The distribution system shown in Figure 8 consists 
of the three sections shown in Figures 5 and 6; the 
distribution manifold 134, the cylinder manifold 136 and the 

cross-over manifold 124. 

in the diagram heavy lines indicate process gas 
distribution lines, whereas lighter lines indicate purge gas 
lines which are used only during purge and maintenance 

operations. ^ ^ 

The cylinder manifold 136 consists of two halves, an 

MA" section 126 and a "B" section 128. The -A" section on the 
left side includes equipment for delivering process gas from 
a first source or cylinder A (cylinder 114 in Figs. 5 and 6) , 
and a right half, which is a mirror image of the half, 
for delivering process gas from a second source "B- (cylinder 

116 in Fig. 6) . ^ * .» 

The distribution manifold 134 includes four 

distribution "legs" 158 and 160, 162 and 164 («A«, "B", -C« 
and "D") each of which delivers process gas to a remote tool 
location 140, 142, 144 or 146, respectively. 

The cross-over manifold 124 consists of a pair of 
valves "XA- and "XB«, which are connected to a common conduit 
55 which distributes gas from either source A or source B to 
any one or any combination of the four distribution legs. 

in general, all of the valves shown in Figure 8 are 
pneumatically operated with the exception of hand-operated 
valves 157, 159, 161 and 163 shown at the top of Fig. 8. 
Circles made with heavy lines are located in Fig. 8 next to 
various valves and are designated by the letter "G". Green 
LED's are located behind the transparent or translucent panel 
material in the circles. When the valve is open, the LED is 
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on. Thus, each of these circles glows green to indicate when 

the valve next to it is open. 

Other heavy circles marked with the letter "Y" glow 
yellow When a predetermined condition exists. Those in the 
distribution manifold marked -RFG A% -RFC B« etc indicate 
When either leg A, B, C or D (158, 160, 162 or 164) is Ready 
For Gas; that is, ready for the delivery of process gas. 

in the cylinder manifold 136, yellow indicator 
circles labeled -Change A- and "Change B" indicate when either 
gas cylinder A or gas cylinder B is empty and should be 

changed . , j i 

The smaller circles formed with lighter lines in 

Figure 8 are gas pressure transducers. 

The delivery of gas from source A to Tool 1, for 
example, is accomplished by the opening of valves Al, A2 and 
A7 in the cylinder manifold 136, valve XA in the cross-over 
manifold 124; and the opening of valves Al, A7 and 157 in the 
distribution leg 158 in the distribution manifold 134. It 
should be understood of course, that the delivery line between 
the end of a distribution leg and the tool to which it is 
connected can be relatively long; that is, the cabinet 22 
often is up to several hundred feet from the tool location. 

If process gas is to be delivered to Tool 2. the 
foregoing procedure is altered by opening valves Bl, B7 and 
159 in the distribution manifold. Similarly, process gas will 
be delivered to Tool 3 by opening valves Cl, C7 and 161, and 
to Tool 4 by opening valves Dl, D7 and 163 are opened. 

If it is desired to deliver process gas to more than 
one tool at a time, this is accomplished simply by opening the 
valves in the appropriate delivery legs. Up to four separate 
tools can be supplied simultaneously by this means. 

If it is desired to deliver gas from source B, such 
as when the quantity remaining in source A is too low the 
valve XA in the cross-over manifold 124 is closed and the 
valve XB in that manifold is opened, and gas is delivered from 
source B to the line 155 and to all or any combination of the 
four tools, in the same manner as described above. Then, the 
A cylinder can be replaced, without interrupting gas flow to 

the tool. 
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in each of the process gas flow lines in the 
cylinder manifold 136, there is a pressure 
Similarly, there is a pressure regulator 154 and a filler "6 
!n each of the four delivery legs of the distribution manifold 

in the lower portion of the cylinder manifold 136 is 
a purge isolation section 153 containing valves A3 and A4 with 
a pressure transducer device 119 located between those valves 
Similarly, there is a purge isolation •-^^^^^^^-'f/^/J^ 
two series-connected valves B3 and B4 with a pressure 
transducer 117 in the right half of the cylinder manifold 
Those transducers supply "PURGE A" and -PURGE B- analog input 
signals, as indicated in Figs. 4 and 8. ^ ^« 

purge throttling valves 4LA and 4LB are provided to 
limit the flow of purge gas at certain times, as it will be 

explained below. i.- « 

Similarly, each distribution leg in the distribution 
manifold 134 contains an isolation section consisting of 
valves 3 and 4 in series (A3 and A4; B3 and 34; etc.), and a 
transducer 125, 127, 129 or 131 to deliver a -PURGE LEG X" 
signal to the controller ("X" being A or B or C or D) to 

indicate a leak. w * 4.k- 

There is a flow switch 166 or 168 in each of the 

cylinder manifold process gas flow lines, and a flow switch 
141 143, 145 or 147 in each of the four distribution legs. 
Theie switches sense gas flow through them at an excessively 
high rate and send signals to the controller circuitry on the 
digital I/O unit 314 (Fig. 4) which cause the controller to 
shut all valves in the conduit in question to stop flow 
through it, and creates a high-priority alarm. 

Other transducers and valve operations will be 

explained below. 

^^ ffTWET MEWD ftflp PROMP T PISgLAYI 

Referring now to Figures 7 and 15, the operator 
control panel 138 contains a number of pushbutton controls 
354, an LCD display 352, and a row of alarm lamps 350. The 
LCD display 352 will display two lines of character, with up 
to 20 characters per line. 
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The cabinet 22 is designed to enable the operator to 
quickly select and initiate functions with only a few push- 
buttons, and a full keyboard is not needed. It is also 
designed to be interactive; that is, to lead the operator 
5 through the selection process by displaying appropriate 

"prompts" or instructions. This is accomplished by means of 

a layered menu. i j 

By pressing the "menu" button (Figure 15), the hinctions hsted in 

the menu shown in Fig. 16 are displayed, one at a time on the LCD display 352. 

^° These are the highest menu layers. Within each 

major category shown, there are several sub-menus and/or sub- 
functions. TO select a function, one merely need press the 
scroll-up button 357 or the scroll-down button 355 (Fig. 15). 

,5 The layered menu also allows protection of certain 

modes or functions from activation by other than qualified 
personnel. Each major function category, such as "Automatic 
or "Configuration" functions, is protected by a password, 
only those individuals given the password select functions 

20 within those modes. "Manual" mode requires two qualified 

persons, each with his or her own password, to enable 

operation. ^ ^ . 

Following are the automatic functions which can be 

selected if the "Automatic Functions" submenu is selected. 
25 Purge to Change Cyl 

Purge to Change Cyl A 
Purge to Change Cyl B 

Maintenance Purge 

cylinder Manifold A Maintenance Purge 
30 cylinder Manifold B Maintenance Purge 

Manifold Leg Purge Function 



A 
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Purge Leg A (Off) 
Purge Leg B (Off) 
Purge Leg C (Off) 
Purge Leg D (Off) 

Secure Manifold Leg 

Secure Leg A 
Secure Leg B 
Secure Leg C 
Secure Leg D 

Startup Manifold Leg 

Start up Leg A 
Start up Leg B 
Start up Leg C 
Start up Leg D 

Pump/Purge Distribution Leg 

Pump/Purge Leg A 
Pump/Purge Leg B 
Puaip/Purge Leg C 
Pump/Purge Leg D 
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Distribution Maintenance Pump/Purge 

DIst Maintenance P/P A 
Dist Maintenance P/P B 
Dist Mantenance P/P C 
5 Dist Maintenance P/P D 

Evacuate Delivery Leg 

Evacuate Leg A (Offl 

1 0 Evacuate Leg B (Off) 

Evacuate Leg C (Off) 
Evacuate Leg D (Off) 

Clear Purge Isolation Leak Alarm 

1 5 

Clear Cylinder A Isolation Leak Alarm 
Clear Cylinder B Isolation Leak Alarm 
Clear Leg A Isolation Leak Alarm 
Clear Leg B Isolation Leak Alarm 
20 Clear Leg C Isolation Leak Alarm 

Clear Leg D Isolation Leak Alarm 

• »i»ntPri it is Dossible to manually operate each 
When the "Manual Functions" submenu .s selected, .t poss. 

be selected; 

Manifold Alarm Sets 

Set Cylinder Empty Setpoint 
Set High Cylinder Pressure 
30 Set High Regulated Pressure 

Set Low Regulated Pressure 
Set Purge Isolation Fail Pressure 

Manifold Purge Definition 

35 

Set # of Pre Purge Cycles 
Set # of Post Purge Cycles 
Set Minimum Purge Pressure 
Set Maximum Vent Pressure 
40 Set Purge Time 

Set Vent Time 
Enable Refill 
Disable Refill 

45 Distribution Alarm Setpoints 

Set High Delivery Pressure 
Set Low Delivery Pressure 

50 Distribution Purge Function Definition 



Set # of Purges 
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Set Minimum Purge Pressure 
Set Maximum Vent Pressure 
Set Purge Time 
Set Vent Time 

General Setpoints 

Set Minimum Exhaust Flow Rate 



Configure Cabinet 

rvlinder Pressure Range 
cSer Manifold Regulated Pressure Range 
^ ^ Cylinder Manifold Purge Pressure Range 

rwiinder Manifold Vent Pressure Range 

dS"'^^^^^^^ Regulated P-su- ^^^^^^ 

Distributior. Manifold Vent Pressure Range 
20 Cylinder Weight Range 

Set Delivery Association 

Select Line Leg A Assn. 
^5 Select Line Leg B Assn. 

Select Line Leg C Assn. 
Select Line Leg D Assn. 



30 



Select Exhaust Duct 

10 inch Duct 
8 inch Duct 
6 inch Duct 



35 Do Zero Calibration 

Calibrate Cylinder Manifold A 
Calibrate Cylinder Manifold B 
Calibrate Distribution Manifold Leg A 
.r. Calibrate Distribution Manifold Leg B 

Calibrate Distribution Manifold Leg C 
Calibrate Distribution Manifold Leg D 
Calibrate Scale A 
Calibrate Scale B 

table: 

cvcTFM RESPONSE 

OPpPATinM ACTION 

50 Displays the first item 

Press MENU in the "Main Menu", which 

is "Automatic Function?" 
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40 



45 



Press the UP or DOWN buttons 
355 or 357 until the 
desired function displayed. 



Enter the appropriate 
password. 



continue stepping through 
the nenu and selecting the 
desired function. 



"Push ENTER to select" 
(See Fig. 15) 

The display will scroll 
through available 
menu itens. 

The iten displayed will be 
selected. This nay be a 
function, which would 
begin ite operation, or 
the next »enu layer. 
He'll assune we've 
selected the next menu 
layer. 

The display will read 
"ENTER PASSWORD" 

The display will show an 
•*• for each character 
entered. If the password 
is correct, the display 
will show the first item 
in the selected menu. If 
incorrect, it will display 

"INVALID PASSWORD" 

When the function is 
selected, by pressing 
"ENTER", it will start. 



Many of the functions have associated interlock 
conditions. If any of these interlocK conditions are present 
the menu prompt for the function will not appear on the 
display. Therefore, the existence of an interloclc condition 
inhibits activation of the function. 

TO better understand the function of the interlocks, 
consider the case of "Purge To Change Cylinder A" • « - 
interlock condition exists, the operator can step through the 
nenu selection process and come to a point where the display 
reads "Purge To Change Cylinder A?" At this point the 
cylinder A purge cycle can be initiated. «°-«-*^' " * P"^^* 
isolation leak alarm was active on cylinder manifold A, the 
display would not read "Purge To Change Cyl A?". It would 
skip to the next valid function. 

Details of some of the automatic functions now will 

be discussed* 
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Wh«n it i. necessary to change either the A or the 
B ,a. cylinder to replace It with a fresh one, ^J^'^'^ 
proces. .hould first be re.oved or purged th* ^. 

flow lines in order to protect the workers ».King the change 
fro. being harmed by the toxic The process ,» is 

recnalred to be pure, ««1 special precautions are necessary to 
inL. this purity, therefore, the cylinder »».ng. «..t be 
acccplished Without significantly exposing the f 1». lin« to 
air or other extraneous gas, m order to prevent 

contamination.^^ ..e A section or the B section 12e of the 
cylinder .anifold Is purged by alternatingly •'^<»""« 
„L from each conduit, and then filling the conduit with a 
pure inert purge gas such as nitrogen. This dilute, and 
replace. alBoat all of the process gas with harmless "itrogen. 

This process Is used instead of a flow-through 
purge, which might require purging the entire flow 
the cylinder through to the tool. Such a process would be 
extremely wasteful of both process gas and P"'^. 9"- 

Following are the step, used In purging the cylinder 

manifold to change a ga. cylinder. 

nr.t, the number of purge cycles to be used, and 
the time of each cycle, are pre-selected by qualified 
personnel In the Setpoint Function mode of operation. 

Assuming that It I. desired to change cylinder A, 
valve A. m the cylinder manifold IW Is open^i to supply 
pressurized nltrog«. fro. the hou» supply Inlet 30 to a 
venturl pump 1« which creates a vacuum In all parts of the 
conduit Which are not Isolated fro. the pump 148 by a closed 
valve. The venturl pump vents It. exhaust to the exhaust 
.y.tem. ^^^^^ ^ ^^^^^ ^ ^^^^^ ^^j^, „, 

opened for a predetermined time, with the valve on the 
cylinder and valve A7 closed, to evacuate the gas conduit 
extending from the cylinder to the valve A2 . 

The control system automatically measures the 
pressure at point 101 by means of the transducer lOi at the 
end of thl. period and check, to make .ure that the vacuum I. 
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operating properly. Thi. i. don. by cheeking to see if the 
pressure signal "CVLA- i. below . pred.t«n.ined Kaxl.u- Vent 
Pressure setpolnt level (see above) set by the operator in the 
setpoint Function -ode. Up to three second. J" 
addition to the pre-..t vent tl»e are allowed. If thi. 
condition 1. »et, the .equenee continue, to n.xt « 
not, th. .~iu~.ee i. abort«l and an alar. Mssage is displayed 

on the panel 138. , _ 

Mext, valves A2 and A5 are closed, and valve. A3 and 

A4 ar. op.ned to .upply purge nltrog«. from a nitrogen 
cylinder supply fcr a predetermined purge ti«. Thi. dilutes 
any process gas re«lnin, in the «nitold with nitrogen. 
During thi. phase, the pressure in the wnifold »ust rise 
above the Hlntau. Purge Pressure (.ee above) , which i. preset 
by the operator in the Setpolnt Functions .ode. Op to three 
extra seconds in addition to the user-set purge time are 
allow«l. It this condition is «t, the purge function 
continue, and the process is repeated tor a number of cycles, 
called -Pre-purge cycles- , determined by the operator in th. 

Setpoint Functions mod.. 

Nhen the prescribed number of Pre-purge Cycles has 
been completed, the operator should change th. process gas 

cylinder A. 

When the bottle change is complete, the operator 
should push the ENTER button on the panel 138. This will 
cause the cylinder manifold to perform a series of post- 
cylinder-change purge cycles. These cycles are identical to 
those described above for the pre-change purge. The number of 
Post purge Cycles can be set independently of the number of 
pre-change purge cycles, as it is indicated above. 

The manifold next will be filled with process gas by 
opening valves Al and A2, and then performing three short 
cycles of opening and closing valve A6 to allow process gas to 

flow into the conduit. 

NOW valve A8 now will close, turning off the venturi 

Finally, a routine is performed to check for a 
cylinder connection leak. The controller performs this check 
by reading the cylinder pressure by means of the transducer 



2165847 

12, Which produce, th. output .l,n.l W2A, th.n countln, down 
Z "wo .Lt... If, .t «.y point durin, thi. t«o-.inut. 
«riod, th. cyllndT pre..ur. r..din, drop. 1^ °ver flv. 
Z^t Of th. lnltl.1 V.1U., th. controxur con,ld.r. thl. to 
tllnd.r connection leeK. If . leek L Oetecfd «. 

«1U h. dl.pl.y.d. Oth«:«l.., .t th. end of th. 

two .inut. per..., ^ -t"ln,.T.T.Und«. th. 

p^ocdur.. «. u..d .. vinfuri":::; 

-icceDt the separate valve eystea 128, ae weiA 

:r!nd tenturi velve BS, .r. »«d inetead of th. venturl pu^ 

end valve, on the Uft .Id. 12« of Tigar* 8. 

—..Ttmi m ""'TTOi.i f ntTin.«iiMiCT rwm th °h n 

Th, ..mtenanc of th. t.gulator 154 or other 
functions requirln, acces. to portion, of th. proce.s ga. flow 
tunoiion. H ' ,«n,i.tor 154, use a different purge 

line downstrean from the regulator 

operation, a. follow.. ™,i„j„ 

Again, a. with the Turge to change a gas cylinder, 

the number of pre-».inten«>c. purg. cycles and th. ti-. of 
each cycle can be defined by an operator. 

First, as.ui.lng that Mintenance is being performed 
on the A side U5, valve AS 1. opened to create a vacuu^. 
valve A5 and A2 are op.n.d for a pradetemined ti».. H.xt, 
valves A2 and A5 are closed and purg. nitrogen is appli^ 
through valves A3 and A4 for a predetermined ti»e to dllut. 
Z process gas r..alnin, in th. »nifold. This cycle is 
repeated a predeter.ined number of time, to ""-P^'" ^'J" 
Jntenanc. purge. At thi. time, the operator can P--^"- '"^ 
required maintenance. Durin, thi. period, the P-'-^f;<^- 
valves A, and 4IA and valve A2 are left open so «.at while the 
maintenance is performed nitrogen flow. 

and little or no air enters the conduit to -or,t.^^n^' It^ 
valve 4LA throttles the flow of nitrogen to a «l«tiv.ly low 
letel, to minimize wasting of nitrogen during thi. phas. of 

operation.^^^ th. maintenance is complete, the operator 
pushe. the ENTER button on the control panel 138. The control 
system Will perform a series of post-maintenance purge cycle, 
identical to those just described. 
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Hert, the cylinder ^nifold will be filled with 
process gas. The cylinder v.lv. will open, end, optionally 
ZZ sZr^ cycle, of opening and closin, the hyp... v«t 
«lv. *« will occur. «nen the refill i. 
controller will close all valves, and the syst«. again 1. 

ready to deliver process gas. 

AS with the cylinder change purge, the sune proo«M 
steps are perfomed in purging side B of the .y.t«i, .xcpt 
the side B valves and venturl puap are used. 

rVB P* PTST BTBUT'^"'' '» ' »■ C ^ *>' 

The Purge Distribution Line function automatically 
turns purge nitrogen on and passes it through a distribution 
leg, and through the line to the tool. The function is 
periormed according to the following se<p.ence. valve Ai (or 
b! or CI or Dl) in the distribution ^nifold 134 is closed. 

A delay of approximately two seconds then occurs. 

Hext, valves X3, A4 and A7 are opened to allow 
nitrogen to flow through the distribution leg to "^Oe tool 
Cher, it is vented, nitrogen will continue to flow through 
the leg and line until the co-plementary function -Leg X Purge 
Off- is initiated by the operator. -X- is A or B or c or D. 

This procedure, often referred to as a flow- 
through- purge, is capable of producing the .ost thorough 
purge! but uses substantial quantities of nitrogen and vents 
the process gas In the whole line leading to the tool, thus 
wasting the gas. 

in the Line Purge Off function, a vacuuia is placed 
on the purge isolation section by closing valves A3 and A4 
and nitrogen is turned off so it no longer flows. Valve A7 

also is closed. 

Of course, the same procedure can be used in each of 

the separate distribution legs. 

The secure Manifold leg function disables automatic 
delivery of gas from the selected distribution manifold leg. 
It does so by clearing the "Leg Enable- flag found in the 
cabinet's EEPROM memory. This means that gas will not be 
delivered until intentionally started by a qualified operator. 
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Being stored in EEPROM memory, this status is not susceptible 
to beina lost during power failure. 

Z secure Manifold Leg function p«tor» the (ollowin, 

sequence. 

Leg valves 1,3,4,6, and 7 are closed 

The Leg x enable flag is cleared in EEPROM. A two 

oiv.^ <4 4ani»v will read "Securing Leg x" 
second delay occurs. The display wixx tea 

during this period. 

The Start Up Manifold Leg function enables automatic 
delivery from the selected manifold leg. It does so by 
setting the "Leg Enable- flag found in the cabinefs EEPROM 
memory. This means that automatic gas delivery will be 
enabled until intentionally secured by a qualified operator. 
Being stored in EEPROM memory, it is not susceptible to being 

lost during power failure. . 

The function displays the message "Starting up Leg 

x" while setting the appropriate flag. 



Referring again to Fig. 8, the purpose of this 
routine is to clear the toxic gas from one or more of the four 
distribution legs 158, 160, 162 or 164 (A, B. C or D) of the 
distribution manifold 134, and the line leading to the tool, 
when the flow-through process ("Purge Distribution Line ) 
described above is not possible or is impractical. 

The process to be described below has the advantage 
that it purges toxic gas from each distribution leg up to the 
first shut-off valve (not shown) , which usually is located at 
the tool, without opening the line to allow purge gas to 
escape at the first shut-off valve. This provides purging 
Where it otherwise might not be feasible, thus improving 
safety It also confines all purging operations and venting 
to the vicinity of the cabinet where the most qualified 

personnel are on duty. 

The operation now will be described with reference 
to distribution leg 158 (leg A) of the distribution manifold 
34 However, it should be understood that the same process 



2165847 



would be used in clearing each other distribution leg 160(B), 
162(C) or 164(D), in a separate operation. 

At the start of the operation. Valve Al is closed to 
prevent toxic process gas fro» entering the distribution leg. 
valves A3, A4 and A6 usually already will be closed. If open 
they will be closed. Valve A7 may be either open or closed at 
the start of the procedure, but usually will be closed. The 
hand-operated valve 157 is open. Valve. Al, A3, A4, and A6 
are closed at this time because it is desired to close these 
valves before V8 i. opened, in order to avoid contamination of 
the gas flow lines through the vent outlet of the venturi 

The venturi valve A8 now opens to admit house 
nitrogen, supplied through line 130, to the venturi pump 152, 
which evacuates gas from the line 165 and vents the gas safely 

to exhaust. ^ ^ «.v.^ 

Next, the vacuum in the line 165 is applied to the 

distribution leg at point 153 opening the valve A6. Valve 

A3 now is closed, and valves A6, A7 and A4 are opened. 

The vacuum is thus applied to the delivery leg for 
a pre-determined vent time, which can be set by a qualified 
operator during the Setpoint Function mode. 

At the end of this time period, the control system 
checks to make sure that the vacuum is operating properly by 
detecting the pressure at point 153 by means of the pressure 
transducer 139 connected to that point (similarly, pressure 
transducers 137, 135 and 133 are connected to points 151, 159 
and 167, respectively, in the other distribution legs). The 
analog output of the transducer, PT3A, is sent to the control 
circuit (Fig. 4), where it is measured and compared with pre- 
set signal levels stored in memory. If the pressure is below 
a pre-set maximum vent pressure, which also can be set by a 
qualified operator, then the operation continues to the next 
step. If that pressure is not below the maximum vent 
pressure, the operation is aborted and an error message is 
displayed. 

in the next step of the operation, valve A6 is 
closed and valve A3 is opened. This allows purge nitrogen 
from a cylinder to flow through valves A3 and A4 to the 
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valve *1 to the first ••'"t oi „^„it. The tl.« 

.llutln, »y re^lnln, P'»~" '"J",^:' Z. «>. deliver, 

..at nitrcen ^'^^''^I'J^.Z ,p.„tor. 

conduit i. pre-det.r»ined by ^ ^^^^^^ 

The traneduoer 139 .l" .« ^^^^^ 

aurin, thU Ph.e. of distribution 
that point »»t -1" ^* ''^^,,,„„ ..t, the cycle 

.ini-u. P-«« ■''•••"^ . p„-d.ter.in.d nu^r of 

iZs':i:r^'^^ ."-r p.«-r -^^^^^ r^t^ 

a ^alif led operat^^ « ^ -.X* 1?.^::- and an error 
minimum purge pressure, wie »v 

„easa,e ^•^^P^;7-;^,^,,,,„„ pu^/pur,. operation 

.v. d ^ve the distribution leg and delivery conduit are 
described above, the dl ^^^^^ ^ 

cleansed of most of the process 9a» 
worked on safely by operating P«'°"»l- 

This operation is used to clear toxic g 
, , o™. valve VI to the hand-operated valve 1S7, 
distribution leg fro. valve VI ^^^^ 

159 , 161 or 1«3 . IWS i ,„^i„, ^ the 

only that section i""'* facilitate changing the 

^ J the line extending to "cne twwx. 

not evacuated from the im enabling the 

wasting gas is avoided -^^^^^^^^^j/^^i^tenance. 
Changing o. the filter or ^rfox^^^^^^^^^ ^^^^^ 

After the r liter . . ^ 

. . n^fhas been completed, the pump/purge operation is 
maintenance has been P ,,3,,,,,,,on leg of any 

repeated in ^^^^"^ ^ introduced during the 

impurities which might have 

maintenance. 
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Th. Evaeuat. D.llv«ry Lira function appliea vacuu. 
to the selected delivery le, and the line leading to the tool 
by openin, valve. V8 and then V«, with VI closed. " 1" 
conjunction with the application of purge source on ^^^^ 
end (the tool end) of the delivery line, it »iU 
line Of toxic gas through the cabinefs vent by « •tr.**.t 
flow-through process, but with the gas flowing in a direction 
opposite to that used in the "Purge Distribution Line- process 

described above. 

once initiated, vacuum will continue to be applied 

until terminated by the operator via the Line Evacuate Off 
function. 
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The Line Evacuate Off function places a vacuum on 
the purge isolation section (valves 3 and 4); and then turns 
off vacuum from the distribution leg. Valves 4, 6 and 7 are 
Closed. If no other legs require vacuum, the venturi valve 8 

also is closed. . ^ w 

The purge isolation section referred to above 

consists of valves A3 and A4 in combination. P-^^ 
isolation section is provided for the purpose of i^^^*^^"^^**^ 
purge source from the delivery leg, and accurately indicating 
any leaks. A vacuum is maintained in the conduit between the 
valves 3 and 4 in order to better detect such a leak, 
^y^^l^ ^ YTfTW"'^ ^PI ^^ B T P ^'-^-^^QM ^>T.AFM fh PR B) 

Referring again to the cylinder manifold section 136 
of Fig. 8, if a leak should occur in the purge isolation 
section, an alarm is set off. A mechanism is provided by the 
controller for automatically evacuating the purge isolation 
section 153 and clearing the alarm. 

in clearing the alarm, valves 3, 5 and 8 are opened, 
while valves 2,4 and 7 of the cylinder manifold are closed to 
create a vacuum in the isolation section. After five seconds, 
the vacuum is removed and valves 3, 5 and 8 are closed. The 
vacuum existing between valves 3 and 4 has been restored, so 
as to enable detection of a future leak. 
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„„ T Tf"""-""' "" "" TI»o r,WI9H MTH (T.BflU h.t.Q. W gl 
The procedur. described .bove for cle.rlng the purge 
isolation X«K .isr. tor the cylinder ..nitold .1.0 i. «.d^to 
cle.r the X«.lc .Lr. for th. l«,l.tion sections AJ-A4 , BJ B4 , 
Itt of the distribution «nifold lU. Th. isolation section 
pressure, are »...ured by transducers 125, 127, 129 .nd 121. 

When the Manual Function mode of operation i« 
selected fro. th. »ain ..nu (••• above,, and when two 
passwords are used by two cpiallfiad maintenance P«"-»' 
valve can be operated manually. Opening or closing of a 
particular valve simply requires selection of the proper valve 
prompt from the screen and entering it with the ENTER button 
from the control panel 138 (Fig. 15) . 
^5 in the Manual mode, various setpoint functions can 

be set by the qualified operators, as follows. 

Alarm and warning indications 
cylinder Empty 

High cylinder Pressure Manifold) 
Hiah Reaulated Pressure (Cylinder Manitoia; 
20 So3 Related Pressure (Cylinder Manifold) 

Purge isolation Fail 
High Delivery Pressure 
Low Delivery Pressure 
Minimum Exhaust 

2 9 

Purge cycle definitions 

Manifold Purge definitions 

# of pre-purges 

# of post purges 
minimum purge pressure 
maximum vent pressure 
purge time 
vent time 
Refill On/Off 

Distribution Purge definitions 
/ of purges 

minimum purge pressure 
maximum vent pressure 
purge time 
vent time 



Note that all pressure readings and setpoints are 
in terms of absolute pressure-psiA. Therefore, the reference 
pressure for the system is absolute zero pressure, not 
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atmospheric pressure. That is, the reference pressure is 
approximately negative 14.7 psiG, at sea level. 

once the desired set points have been 

«*-aT-ed in memory by pressing the enter 
can be permanently stored in m«a nr / 

button This stores the set points in the EEPROM where 
wlu be stored even if the cabinet loses power. Thus, 
h>tterv-baclc«a memory U not r«qulr«l. 

Of cour.., It I. 
.lectronlcally .r«ed «. that n« d.t. c« b. .tor«l In th.., 
lirSty will op.r.t. in thl. ..nn.r for . relatively l«g. 

leT f cycles' (e.,. 100 to =0,000 or .ore, '-^'f^ ^J^^ 
th. need, determined by the frequency expected for change, of 

setpoints etc. 

Following is an explanation of the setpoints which 
can be selected in the -Setpoint Functions- mode. 

The cabinet determines that the process gas cylinder 
is empty based on either weight or pressure. If the cabinet 
Tfined as one having a weighing scale, the setting 

based on weight. Otherwise, -^-^^^^^^^^ ^^tTZ 
nressure. In either case, "Cylinder Empty is aei 
'"ZZ When the weight or preeeure fall, below thi. 

setting. . j *. 

ffiTH TYl i**'**'' ^ rtffffVr^ fletpolnt 
This setpoint is used to test a cylinder for over- 
pressure or another problem such as temperature rise, pressure 
Implied from an inappropriate source, etc. If ^^^ r^'tlZ 
pressure should read above this setpoint value, the High 

nressures are 




cylinder Pressure" Alarm will occur. 

Isured by the transducers 109 '^'J^^;^ 
transmit "CYL A" and "CYL B" analog signals to the control 

circuit (Fig. 4). 

mm FfT\^J**^*^ PrTTTVrt fletPOlnt 
This setpoint is used to test the pressure 
downstream from the cylinder regulators 154 and i» 
by the transducers 121 and 123, which send signals "Fr2A" and 
..PT2B" to the control circuit shown in Fig. 4. This will 
determine "Regulator Creep" in that area. The setpoint should 
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set somewhat above the «or-.l operating pre-regulated 



This setpolnt is used to test to determine when the 
regulated pressure measured by tran«lucer 121 or 12J fall. 
X an established .Inl™. pressure. It 1. u.^ to ««ur. 
that sufficient gas pressure 1. available to the "-tribut «n 
«„ifold 134 (Figure 8) . * regulated pressure reading below 
this .etpoint will result in . -WW Regulated Pressure" alan.. 




This setpoint is used a. a basis for determining if 
either valve V3 or V4 in the purge source line ha. failed. A 
pressure reading above this .etpoint, when ""^ P"'^"*' 
indicates that g.. has leaked fro. one direction or the other 

AS it ha. been noted above, at the end of each a 
purge cycle, a vacuum i. created in the section of pip. 
L!een V, and V4. «>e ..tpoint .hould be .et at a pre.sure 
.hove the vacuum preseure by an amount which would indicate 
that there 1. a leak. If that pressure I. reached after a 

certain period of time. 

|, ^w p«liv< frY 9r»maurm SetPOin^ 
The LOW Delivery Pressure setpoint is used to 
determine when insufficient gas pressure for proper operation 
is present downstream from the regulator 154 in any 
distribution leg. This pressure is measured by the 
transducers 133, 135, 137 and 139. A pressure below this 
setpoint. When delivering gas, results in a -Low Delivery 

Pressure" alarm. 

H^ ql t Pelly^rT ^raf P^r^ Batpoint 
A "High Delivery Pressure" alarm occurs when the 
pressure measured by any of transducers 133, 135, 137 and 139 
is too high, usually due to regulator creep. 

H^mtmim Blf^flMfflr fletPOiPt 

The Minimum Exhaust setpoint is set as the minimum 
acceptable exhaust gas flow rate through the exhaust duct 102 
(Figure 6) for safe cabinet operation. It is interlocked with 
the most significant cabinet valve and gas delivery 
operations, to disable those operations under "Low Exhaust" 
conditions. 
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The computer progr«. .tep. utill»«> In the .boy. 
purge oper.tion. .m. s.ttl.,, of pur,. p«».t.r. «. given in 
tr.bov.-ia.ntlfi.d p.ndin, p.t.nt .ppliction .nd wlU not 
be repeated here. 

When the -Configuration Function.- mode 1. selected, 

*. . moALtv or establish the following 
a qualified operator can Bodiry or 

parameters * 

^HSder £aM re^Sf^^ef pJSIllre transducer range 
cylinder oressure transducer range 

Ztni f At 52St pJSssSS transducer range 
cylinder ^^^^'^^^."^^Z./It^^^a pressure transducer range 
Si ioS »n«o\d '«r«™re tr.n.«itt.r range 

Su«S HsMrfor ..cn distribution leg 

S5rSuS?it?irf or each «nifoXd 
zero calibration for each scale 



The rang, of th. pr...«re transducer, can 
to accommodat. th. us. of th. transducers with different 

gases, or for any other r.«son. .,^,„„ i, 

AS an exampl., the pressure r«^e .election is 

performed simply by using the arrow K.y. 355, f'^"" 
^3. ,Flg. 15, to Chang, th. range until th. 
displayed (e.g. 0 to 100 psU or 0 to 3000 p.lA) . Then EOTER 
ts pressed to select the range. Th. ..Lotion of th. rang, of 
voltage of th. analog output signal of «oh tr.nsduc.r 
(e.g. 0 to 5 volt, or l to 5 volt.) also can b. ..l.ct«i by a 

similar procedure. 

^| |T,^«r we« iTir 8electi9a 
cylinder weight range selection is similar to the 
pressure range selection described above. One additional 
option will allow the selection of -No Device Present- for 
those cabinets not having a scale. 

Each distribution leg of each cabinet is associated 

i^t The tools are wired to the Tool 

with a specific tool. The toois « , * and 

interface Controller (TIC) 42 shown in Figs. 1 and 4 and 
TscuLed above. Each tool is assigned a number associated 



10 



15 



20 



25 



30 



35 



with the position in the TIC to which it is wired. This 
iZsr. iU, 0 through 120), is stored in the .e»ory of the 
cabinet for the leg which is connected to deliver gas to the 
tool, in operation, when the tool (say Tool #32, re^^mj^Jl 
hy Closing its contacts connected to the ^^"^^^^ 
legs having a matching stored delivery association (32) will 

be opened to deliver gas. 

The delivery association stored in the memory of 
each cabinet can be changed simply by operating the -P-down 
Keys 355 and 357 and the ENTER key 359 on the panel 138 (Pig. 
15), in the manner described above for other configuration 
selections. Re-wiring of the tools is not required. 




one of the advantageous features of the invention is 
that it allows the user to adapt the gas cabinet to correctly 
measure the cabinet exhaust gas flow rate through the outlet 
duct 102 (Figs. 5 and 6) despite a difference between the 
diameter of the outlet duct 100 on the cabinet and the 
diameter «d" of the duct 102. Il»is can be done * 
few Keystrokes on the control panel 138 (Fig. 15) , in the 
Banner described above. This allows each gas cabinet to be 
„oved to a plant location in which exhaust ducting ^l""^^^ ^« 
installed, without having to replace the ducting to match that 
of the cabinet. Moreover, the adaptation is fast and simple. 

Referring again to Fig. 6, as noted above, a pitot 
tube device 134 is mounted in the duct 102 to measure the 
velocity of the gas flowing through that conduit. The device 
134 includes a transducer which converts the differential 
pressure measured by the pitot tube device into an ^^^^trical 
signal. This signal is delivered on the -EXHAUST- line 
(Fig. 4) to the analog input circuit 302 which converts the 
analog input signal into a digital output signal which is 
delivered to the CPU 306. The CPU then computes the flow rate 
according to the following equation: 

Flow » D X t/P 

Where: Flow - Exhaust flow in cubic ft. /minute 
D-Duct size constant (examples: D-1425 for a 10 inch 
duct and 1020 for an 8 inch duct) 
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P-Differential Pressure output of pitot tube device, 
in inches of water 

stored in th. .e.ory 308 of the control eysten shown 
in Flo. 4 are at least three different duot constants, as well 
as th. algorith. corresponding to the above •■'""i'"- 

When the operator select, one of th. duct sires by 
„„ipul.tion of th. pushbuttons on th. control panel J^^^ 
iS) . the selection is stored in ...ory, and th. pro^«i of th. 
con;roll.r causes each sub.e<r»nt reading fro. device 134 to 
roperated upon aocordin, to the algorith- to give correct 
indication of the flow rate through the exhaust duct. The 
operator also can select the -inimu. acceptable flow rate in 
t^e Banner described above, in accordance with •"nda'ds *hat 
.re set up to insure .d«ra.te ventilation of the <=«"~* ^ 
protect operating personnel. If, tor see reason f low 

rate should fall below this -Ini-u. level at any tiae during 
operation, an alar, is activated to indicate that correction 

is needed. , ^-w**- 

once the exhaust duot sire has been selected, that 

selection is retained in EEPROM and is not lost even if the 

controller suffers a loss of power. ,„d 

This feature of the invention facilitates and 

reduces the cost of installation of the gas "o" 
cabinet, at various existing plant locations, regardless of 
variations of the exhaust duct size. It «^^^ 
versatility of the cabinet by increasing the feasibility of 
moving it to new locations. 

The transducers which are used to measure gas 
pressure drift over a period of time. Z^^-*^-*' J^* 
transducers must be re-calibrated from time to time in order 
to restore their accurate operation. 

The transducers tend to drift both in the zero 
readings and in the "span". The -span- is the <»if ference 
between the electrical output at zero and that at full scale 
Typically, the span drift is less significant that the drift 
of the zero point. This is because the pressures which are 
measured during purge tend to be very close to the zero point 
of the transducer range. If the transducer zero reading has 
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drifted by an a»ount which is significant compared to the 
niniBum and maximum pressures permitted during purge cycles, 
the safety verification of the system is not -^^J' J^^^^^^^^ 
result in either a serious safety problem, or the inability to 
perform a purge cycle. For these reasons, the zero readings 
usually require relatively frequent calibration, whereas the 
scan seldom requires calibration. 

in t^ past, a. it has been explained briefly above, 
re-calibration of the transducers ha. been performed one. 
every three to six months. This ha. been done manually, and 
the procedure can taXe four to eight hour, per gas cabinet. 
A typical large .emiconductor fabrication plant may have one 
hundred to five or six hundred such gas cabinets. Thus, it is 
evident that a relatively large amount of labor is required 
for re-calibration. This creates a significant operating 
cost. Furthermore, each of the gas cabinets, and its related 
semiconductor manufacturing tools, is out of operation for a 
significant period of time, thus reducing the productivity of 
each gas distribution system, and of the entire plant. 

in accordance with the present invention, the zero 
point of each transducer is re-calibrated automatically in a 
Ltter of a few minutes or seconds. This is done by the 
manipulation of the control pushbuttons on the panel 138 shown 

in Fig. 15^^^ ^^^^ procedure for zero calibration is to first 
subject the transducer to a known pressure or weight which is 
at or very near its zero point, and read the electrical output 
generated by the transducer. Next, the difference between the 
measured value and the ideal value of the transducer is 
calculated. That difference, called an "offset", is stored in 
non-volatile memory (EEPROM) and then is used to compensate 
all subsequent readings by adding it to or subtracting it from 
the readings of the transducers during operation. 

The computer program used to perform the zero 
calibration and subsequent operation described above is shown 
schematically in Figs. 9 and 10 of the drawings. 

Fig. 9 shows the zero calibration routine described 
above, and Fig. 10 describes the use of the offset value 
stored in the zero calibration routine to adjust subsequent 
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Fi«. xo i. to perton. other .din, on th. r«din,. That U, 
2 si^l ~y b. ».pllfl.d or oth.r«i.. -odifi-d In 
„,nlt»de, 1. n««l.d by th, control .y.te». 




Tig 11 1. . "o" do.cribing th. computor 

pro9r« routln. u«h. to c.Ubr.t. th. ..ro ""'j^h'Ln 
transducer.. Th. «« routln. 1. «..d for both th. A 

end th. B SC.1., if two «• «•«> i" «>• 

Th. pro,r» u... . .altl-t..ian, routln.. B.ch of 

the decision di<u.ond. in th. left hand portion of Fig. 11 
det.r.ln.. «h.th« th. .t.P i. in progr... or not. If the 
a«!« U -ye."- th. .t.p proceed, until it 1. =o-plet.d by 
r. dll v.rj Of a r.tum signal, at which point th. progra. 
;rLer:o step Th, sane procedure is followed for each 

subsequent step in the routine. 

in step 1, the display on control panel 138 (Fig. 
15) states "insure scale e.pty. Press ENTER when oK". This 
™ages the operator to »a)ce certain that the scale being 
encourages tne p , ^h^ program then determines 

calibrated has no weight on it. The progr -ertain 
Whether the "ENTER" button has been P-"«*> ' /^^^^^ * 
length of time. If the answer is yes, step 2 is set. If no, 

the routine returns to start. 

in step 2 , the computer compares the reading of the 
scale transducer with what it should be, and calculates and 
stores a zero offset value in memory (EEPROM) . 

When step 2 is complete, step 3 i- performed in 
Which the analog conversion factor, for the scale are re- 

initialized and stored in memory. 

Xtt.r .t.p 3 is complete, step 4 Is p.rfor«d in 
Which a display -zero calibration co.plete» Is forced on th. 
control pan.1 display. After a delay of three seconds, st,p 
Tis performed In which a -Function Over- display is produced 
and t^e function I. cl«red. Step 1 I. set, and the routln. 
Is ready for the start of another operation. 

.nhrar itr r - "'."ibntlon i,.g ?rtMvr« Tri»^<l«w» 

Fig. 12 shows the computer program routln. us.d to 
perform a z.ro calibration of th. pressure transducer, in on. 
of th. four distribution l.gs In th. distribution manifold 134 
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(Fig.B). in Pi,. 12, th. V.1V.. that «. op.n .nd clo.ed «. 
::r«rid to with . .V. p«cdi», th. nu^r c th. v^v. 

- io4-4-«ir-s "A" or "B" etc. used in rig. 8. Tnxs 
rather than the letters a ot » 

1. dc„. for th. r...on th.t th. routin. -PP"" J" "^J^* 

-J *rhft valve identification is 

the four legs and thus tne vaxvw 

,„.r.li«d^ th. first .fp, v., th. v«,turi v.l« i- op«..d 
to apply « v.cu«. to lin. 1«, and valv.. VI, V4 ««1 V7 ar. 
closL. VI i. clo.»l to .hut off th. flow of proc... V4 
U clo..d to .hut off th. flow of nitrogon, and V7 i. clo.«l 
to .ini.i« th. l.ngth of conduit to b. .vaeuatad. 

It is a notabl. faatur. of thi. asp.ot of th. 
invention that, by using .b.olut. pr.ssur. value. r.th.r than 

:»ph.ric pr...ur. valu.., and by a.in, th. vacuu. source a 
a r.t.r.nc. pr.ssur. sourc, a calibration r.f.r.nc soure. i. 
provided by th. .i.pl. expedient of usin, the v"-"" 
Which already exists for pur,in, th. ,.s '''l''^'' ^"J^ 
only avoids extra equipment costs, but it ha. the add«l 
benefit of preventing th. opening of the gas flow lines to 

rt:osphere. which might be required if '^'-^^'^^J-j;;:^ 
were used a. the reference pressure, and thus avoids 

contaminating th. gas lines. 

in .tep 2 shown in Mg. 12 th. vent valve V« i. open 
to evacuate the distribution leg between valve. VI and V7, 
thareby subjecting the transducers in th. leg to the vacuum as 
. r.ference pressure. While the distribution leg is being 
evacuated, a message -releasing Pressure- is ^ 
certain period of time. Then, after a d.lay of fift..n 
seconds to insure that the measured pressure has dropped to 
the relatively constant pressure of -11.7 psis (« »' 
the venturi pump, the program continues to step 3. 

in step 3, the »ro offset values are calculated and 
stored for each of the separate leg pressure transducers, in 
sequence. ^^^^ ^ ^^^^^ displayed is -Storing Hew 

values", vent valves V« ar. clo.1 and, aftar a wait of two 
second., step 5 Is initiated. Steps 5 and . 
respectively to .t.p. 3 and 4 of Fig. 11, '"d will not b. 
explained further here. 
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in Btep 7, the vacuum valve V8 is turned off, and in 
step 8 the function is ended and the program returns to step 

1 to wait for another operation. 

Of course, the same process is repeated for each of 

the other distribution legs in the cabinet. 

.„VK.,.i., „f tm ryim^ltr if(^Tiig9M Trr-- 



Fig. 13 is a flow chart for the program used to 
perform a zero calibration for the pressure transducers in th. 
cylinder manifold 136 (Fig.8). These include transducers 121, 
123, 109 and 111, 113 and 115, 117 and 119 shown J^^' \' 

AS in the distribution leg transducer calibration 
routine, the vacuum pressure produced by the venturi pumps 148 
and 150 by opening the venturi valves A8 and B8 are used to 
provide a reference for the transducers. 

in step 1 of Fig, 13, venturi A8 is opened. After 
a delay of X seconds (a value which depends on the type of 
cabinet) the program proceeds to step 2. 

in step 2, the vent valves V5 and V2 are opened, 
valve VI is closed. After a delay of Y seconds, ^hich also 
depends on the type of cabinet, the program moves to step 3 

in step 3, valves V3 and V6 are opened, thus 
exposing the transducers to the low reference pressure 
provided by the venturi pumps. After a delay of about ten 
seconds, the program proceeds to step 4. 

The various delays in the pressure transducer 
calibration routines are provided in order to allow time for 
stabilization of the transducer readings, and to insure that 
atmosphere does not enter and contaminate the process gas 

manifold* , 

in step 4, the offsets for the various transducers 

are calculated and stored. Then, in step 5, the message 

"Storing New Values" is displayed, and all cylinder manifold 

valves except venturi valves V8 are closed. After a delay of 

two seconds, the program proceeds to step 6. 

in step 6 the analog conversion factors are re- 
initialized, and the Venturis V8 are closed. 

Finally, the program is completed in steps 7 and 8, 
as in the programs described above. 
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As it can be seen from the foregoing, the automatic 
calibration of the transducers can be performed i« » 
minute, instead of several hours. This saves a great deal 
labor costs and down-time for the flow control units. Thus, 
labor costs are reduced, and productivity of the gas 
distribution system is increased. 




There are several types of messages which are used 
in communication between the tool interface controller (TIC) 
and the gas flow control cabinets. The following is a list of 
the message types which are sent by the TIC to the cabinets. 

1. polling Messages. The first message type polls 

4.4.1 1» .4- ♦■h* rate of about four messages 
the cabinets sequentially at the rate or a«« 

per second or less. Communications are at the rate of 
Approximately 9,600 baud. In response to each poll ng 
message, one of the cabinets sends a data packet to the TIC. 
The data packet will be described in detail below. 

2 Broadcast Messages. Once per second, the tool 
interface controller broadcasts signals to all of the gas flow 
control cabinets informing them of which tools are requesting 
that gas flow be started or stopped. Hhe data processor in 
each gas cabinet is programmed to receive these broadcasts on 
the digital input lines and compare the tool numbers with 
those it has stored. When it detects a match, it executes the 
instructions broadcast. Otherwise, it ignores the signals. 
Thus, gas distribution legs for which a given tool number has 
been stored will be enabled to start or stop gas flow. 

3. Read Setpoint Signals. On command from the 
supervisory' control computer 44, the setpoints ^^r each 
selected cabinet are read and displayed on the screen of the 
computer. 

4 Read setpoint Ranges. On command from the 
supervisory controller, the setpoint ranges for the various 
flow control are read and displayed. 

5. Read Configuration. On command from the 
supervisory control computer, the configuration of each gas 
flow control cabinet is displayed. 
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6 Direct valve Control Messages . These messages 
co,«.rise cowand. directly fro. the supervisory control 
con^uter to open or close specific valve, in specific gas 

cabinets. . 

7 Execute Pre-defined Function, on command from 

the supervisory control computer, several automatic function, 
such as purge operation, can be ordered and will be executed 
by a .pecific one of the flow control cabinet.. 

8 Get Cabinet Di.play Hessages. Upon command 
from the .upervisory control computer, the display 352 on the 
cabinet control panel 138 (Fig. 15) i« transmitted to tt»e 
screen of the supervisory control computer for display to the 

operator there. 

9. Message Display. Pursuant to the operation of 

the supervisory control computer, the display 352 on any 
selected cabinet can be made to display whatever the operator 
of the supervisory control computer wishes. This feature is 
used, for example, when there Is direct control of valves from 

the supervisory computer. 

10. Alarm Acknowledge Messages. The operator at 
the supervisory control computer can acknowledge any alarm by 
operation of the computer. This is secondary to and 
supplements acknowledgement of the same alarm condition at the 
cabinet itself. Therefore, the control of the individual 
units and the supervisory control computer both operate to 

provide this function. 

11. Abort Function Messages. These messages are 
sent from the supervisory computer to abort a function which 
is in process at one of the flow control cabinets. 

12. set-point Messages. On command from the 
supervisory control computer, setpoints can downloaded from 
any of the gas flow control cabinets to the supervisory 
control computer for display there. 

p^TX PXCTBT 8TRUCTPRB 

AS noted above, the tool interface controller polls 
the various gas flow control units periodically at the rate of 
about four messages per second. In response to a polling 
signal each cabinet sends back to the TIC a data packet. 
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Fig. 14 Shows the arrangement of data in each data 
packet. Each packet is a maximum of 120 byte, in length. The 
data packet structure is as follows: 

1. First is the start of text message (-STX ) to 

identify the start of a packet. 

2 Next is the acknowledge section ("AK") . 

3* Next is data indicating the type of cabinet 
which is responding. For example, there might be, in a single 
lysll, four or more different type, of cabinets, some having 
riHne di.tribution leg, .ome having four di.tribution leg., 

5. Next is a byte defining the number of analog 

values which are to follow. 

6. Next are the analog values. Three bytes are 

used for each analog value. - 

7. Next is a byte giving the number of alarm 

'^^'"'^ '\lT:r. the alarm status bytes (e.g. high 

flow, low ^low,^etc.,. ^^^^^^^ ^^^^^ ^^^^ 

follow. 

10. Next are the digital inputs. 

11 Next is general status information, such as 
Which manifo'ld legs currently are enabled; which of the two 
gas sources A or B currently is being used, etc. 

12. Next is the list of associated tool numbers for 
each distribution leg of the flow control units. 

13. Next is a checksum. 

14. Finally, End of text (ETX) . 

If reconfiguration is desired, this can be done in 
software in a simple manner. For example if the delivery 
association is to be changed; that is, if the tool number 
which is to be connected to a particular distribution leg is 
Changed, the following procedure is followed. 

The tool number is entered at the cabinet by the 
simple procedure described above. This is stored in an 
EEPROM so that a battery-backed memory is not "-""J^ 

The next data packet now has the new tool number in 
it and the tool interface controller reads it and stores the 
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^^i./%T-i/ /PAM) 303 • The cabinet now 
number in its random access memory (RAM} Juj- 

to th. ne« tool nu»^r r«^est during th. brcact 
of the ell. for delivery of 9.. to th. v«iou. tool.. 

Sine. th. InfonMtion fro. ..oh ,.s cbinet stored 
in RAM 303 i. r.fr..hed one. .v.ry ..v.r.l "cond., th. RMC 



'"^^ ? 1 B 5 ^ ^ 7 

nee. no. ^ ^^^^^-^-^^J^^ 
cost and maintenance requirements of the gas 

system • 

AS it was noted above, the supervisory control 
computer is a personal computer, such as an IBM PS/2 Model 80 

It should be noted again that the control that the 

^-1 ^omniiter orovides over each gas cabinet 
supervisory control computer provaa 

can be overridden by someone operating the controls at the gas 
cabinet itself. This is done in order to give P« ™ 
local control at the site over central control, whenever the 
controls compete with one another. 

nTfiPLAYa *wn PROMPTS 

The supervisory control computer is programmed so as 
to provide the following displays on its screen: 

Home screen 

The operator can bring up the Home Screen shown 

in Fig. 17 by pressing the Fl key on the computer keyboard./ 
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The screen shows. In graphic for», the status of the 
entire system. There is a separate block (e.g. "970 G6 Room-) 
for each gas cabinets in the system. Only one room block is 
Shown on the home screen above, whereas usually there will be 
several such rooms in a given system. The block is color- 
coded to indicate the status of the rooms Red means one or 
„ore cabinet, in the room has an active -high priority- alarm, 
yellow mean, that one or more cabinet, in the room ha. an 
active warning (low priority) alar, condition. Green 
indicate, that all cabinet, in the room are in a non-alarm 

state. , . , . 

on the home screen, immediately below the room block 

or blocks i. an area -Alarm Messages- where all current system 
alarms are shown. Two columns of four rows each are provided 
in this area. This allows for up to eight alarm messages to 
be displayed at one time. Additional messages can be 
displayed by using the down and up arrows on the computer 
keyboard to scroll down and up through the alarm messages. 

The highest priority unacknowledged alarm appears in 
the upper left-hand position. The next highest priority alarm 
appears below it. This pattern continues by filling the first 
row and then the second row for unacknowledged alarms. Next, 
the acknowledged alarms follow in the list in the order of 
descending priority. The alarm text is color-coded, 
unacknowledged alarms are printed in red text, whereas 

acknowledged alarms are in white. 

Acknowledgement of the alarms can be made by simply 

pressing the -plus- key on the keyboard. 
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peoB T-n yout Screen 

By pressing the F2 key the operator can bring up the room layout 
screen shown in Fig. 18, which shows in graphic form, the status of all 

cabinets in a particular room. 

Each cabinet is given a number, and the layout of 
the cabinets on the screen the sa«e as the cabinets have xn 
the room. The blocks representing the cabinets are color- 
coded with either red, yellow or green color, 'oll-^^^ the 
code above, to indicate respectively, whether the cabinet has 
one or more active high-priority alarms; one or more active 
lower-priority alarms, or no active alarms at all. 

Below the room layout is an area for alarm messages. 
Again, all active alarms are displayed in their descending 
priority, with the highest-priority unacknowledged alarm in 
the upper left hand position. The representation * 
keys displayed at the bottom of the screen identifies the 
function keys that can be used to quickly move from one mode 
or screen to another. 

Il^ ^toinatic Mo de Screen 
To select the automatic mode, while in the room 
layout mode, the operator presses the F2 key and the computer 
responds with a prompt asking for the desired cabinet number. 
When the cabinet number is typed in and the ENTER key is 
pressed, the system will bring up the screen shown in Fig. 19. 
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The various sections on the Automatic Mode screen 



are described below: 

Quick keys - Along the left-hand side of the display 
is a block listing of the available quick keys. As discussed 
previously, these keys can be used to quickly move from one 

mode to another. , ^ - « 

cabinet Identifier - On the top left hand side of 

the display is a label identifying the chosen cabinet number 
and the type of gas it contains. 

Menu/Prompt Area - Below the Cabinet identifier is 
a block used for menus, and other alphanumeric information, as 

appropriate. 

Exhaust Plow Bar Chart - Below the Menu/Prompt area 
is a display giving the cabinet exhaust flow rate, in both a 
bar graph and numerically, in C. P.M. 

Alarm Block - On the bottom left hand side of the 
display is an alarm block. Up to eight system alarms can be 
displayed in prioritized order on the screen. These alarms 
apply to all cabinets, not just the selected cabinet. If more 
than eight alarms are active, the arrow keys on the computer 
keyboard can be used to scroll through additional alarms. 

cabinet Manifold Graphic - The right hand side of 
the display provides a graphic representation of the cabinet 
manifold status. The lines and valves are color-coded to 
illustrate gas flow. An open valve and connected line are 
shown in green, while closed valves and tubing segments are 

shown in red. ^. , j 

Analog values of operating parameters are displayed 

at the appropriate positions in the manifold. These readings 
are primarily pressures measurements and cylinder weights. 
The association of the delivery legs with the tools is given 
above the piping diagram. As an example, in the screen shown, 
leg /I is connected to tool #570, and leg #2 is connected to 
tool /314. in the example shown, only two legs are in use, 
either because that cabinet has only two legs, or because only 
two of the four legs are in use. 

Ci»lArfe ^nq An ^iitonatic Punctjon 

selecting an automatic function is a simple process 
in Which the operator follows the prompts in the Menu/Prompt 
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area of the screen. In the Menu/Prompt area is a list of 
available automatic functions, along with the control function 
key that will select each. Additional functions may be made 
available on other pages by pressing the -Page Up" or "Page 

Down" keys on the keyboard. 

TO select a function, the operator presses the 
associated control key combination. For example, on the 
screen shown, pressing the Ctrl key and the Fl key 
simultaneously will display a prompt to enter the password. 
The password is typed and entered by pressing ENTER. If the 
correct password is entered, the Purge to Change Cylinder A 
function begins, unless an interlock condition exists which 

prevents operation. 

When a function is selected, the supervisory control 
computer will communicate through the TIC to the cabinet. If 
everything is satisfactory (no interlocks) the function will 
start. If not, a message indicating that function operation 
is inhibited will be displayed for a brief period in the 

Menu/Prompt area. 

During function operation, the Menu/Prompt area 

displays the same messages that are being displayed at the 
cabinet. During any automatic function, the operator can 
abort the function by pressing the ESC key on the computer 
keyboard . 



Main^pnanre Mode 

The screen shown in Fig. 20 shows the maintenance mode of 



operation. 



This mode can be used to print system readings or to change the 
main system password. Its display is identical in configuration to the 
automatic mode display. This mode can be selected simply by selecting the F4 
key to bring the screen up. 
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I, may no. be necessary to enter a particular cabirte. identification 
number, since the maintenance mode display wU. display the characterisHc of the 
las. cabinet number which was previously selected in ano*er mode. 

The "Print Gas Readings" funcUon, which is entered by pressmg key 
PI while in *e maintenance mode, allows *e opera.or .0 selec. a gas room and .0 
„. a pr,n.ou. of *e curr«.. pressures and weighs of cylinders used to supp^ gas 
I each tool. Tl.e room number is Usted, foUowed by *e date and .ime a. the top 
of the printout. 

The printout lisK one row of da.a for each tool *a. is comiected to a 
cabine.. Each row contains the tool name, tool number, cabinet number, gas type 
the active cylinder, and pressure or weigh, reading. U scales are present, a we.ght 
reading is listed; otherwise, a pressure reading is Usted. ^ „ 

From the Maintenance Mode Screen, to select .he Prin. Gas Readmgs 
funcion, .he operator presses Ctrl and simultaneously. A prompt is displayed 
.0 enter .he room number. When tWs is done, a message is displayed Please war. 
un.il prin«ng completes" whUe the documen. is being prinied. Af.er .he prmtmg 
completes, the previous menu appears with selecUons to Prin. Gas Readmgs and 

to Change Password. 

The Change Password function allows the operator to change the 

main system password. This password is uHlized .0 enter 

Parame.er Se. Mode, and *e Exi. .0 Dos mode. TOs password does not apply .0 

acHvaHng au.oma.ic funCions; au.oma.ic funCions have a buil.-in password .ha. 

cannot be changed. 

From .he Maintenance Mode Screen, to selec. Change Password, the 

operator presses and Fa simultaneously. A prompt is displayed asking for *e 
c rren. password. T^e curren. password is ^ in and entered by pressmg .h 
EN-mR key. If an incorrec. password is eniered, a promp. appears "Try agam and 
*e „pera.or can enter .he password again .o con.inue or the operator can press 
Enter to return to the menu selections. 
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If the correct password is eritered, a prompt is displayed asking for the 
new password, ^e new password is typed and entered. Next, a prompt is 
displayed asking for the new password again. The same new password is typed 
again and entered. If the second new password matches the first, a message is 
displayed indicating that the password has been changed. If the second new 
password does not match the first, a message is displayed indicating that the 
password has not changed. In either case, the menu returns with the selections 
displayed for Print Gas Readings and Change Password. 

Parmt'^tl'*' Mode 
The supervisory control computer allows an operator at a single 
supervisory station to review and/or modify setpoints in any cabinet in the 
system. Tltis is accomplished through the Parameter Set Mode. 

Cabinet Parameter Set Mode can be selected from any screen. To do 
so the operator simply presses the F9 key, and, in response to a prompt, enters the 
.lin system password. The system enters the Parameter Set Mode with the 
graphics display for the most recently-selected cabinet. 

Fig. 21 is a reproduction of the Parameter Set screen. 
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Most of the information on the screen is of the same type as on 
previous screens and need not be explained further. Only THE new features will 

be explained. 

All cabinet setpoints are stored in the gas cabinets themselves. In 
order to view and/or change setpoints, the supervisory control computer must 

first be used to retrieve these setpoints. 

The first screen displayed upon entry into the Parameter Set mode is 
one which reads "Tl Remote Setpoints". The operator presses Ctrl and Fl to get a 
list of available cabinets, and selects the one desired. 

Next the operator presses the appropriate control and function key 
combination listed next to the cabinet number to command the supervisory 
control computer to retrieve setpoints from the desired cabinet. The Menu- 
Prompt area will display a list of cabinet setpoints along with their current values. 

To change a setpoint, the operator presses the control key and 
function key associated with the setpoint. T^e display will project the current 
value of the setpoint along with the limits of adjustment. V.e operator types m 
the desired setpoint value and presses ENT^R. When the new value is entered, xt 
will be transmitted to the cabinet. If the cabinet accepts the setpoint, it sends back 
an acceptance message, which will be displayed in the Menu/Prompt area, 
indicating that the new setpoint has been stored. If not, a setpoint change failure 
message will be displayed. 

Configu ration Mode 
The Configuration Mode is provided to allow a qualified operator to 
configure the supervisory control computer. It allows the following configuration 

functions to be performed. 

Set number of cabinets in the system 

Enable/Disable alarm printing 

Set the chemical gas name for each cabmet 

Enable/Disable cabinets from being selected m any mode 

Set the tool names that are displayed for each cabinet delivery leg 
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Set the tool nuiabers that are displayed for each 
delivery leg 

configuration Mode can be selected from any 
supervisory system screen by pressing the F8 Key. After entry 
Of the password, the system enters the Configuration mode with 
the graphics displayed for the most recently selected cabinet. 

Fig. 22 shows the top-level Configuration Mode screen. 

Following is an explanation of the functions which 

can be performed in this mode. 

p^ii^b^y cf Cabinets 

in this function, the operator sets the number of 
cabinets that can be accessed by the operator at the 
supervisory control computer. This number is the total number 
of cabinets that are available for selection in any mode that 
requires a cabinet number to be entered. 

TO select this function, the operator presses Ctrl 
and Fi. A prompt appears asking for the number of cabinets. 
The number of cabinets is typed in and entered. 

fl..i meting ^r*"^*^' 

in the configuration Mode, whenever Ctrl and F2 are 
pressed, the alarm printing enable/disable selection toggles. 
For example, if the current state is disabled, the menu 
displays -Enable Alarm Printing." Making the selection Ctrl 
and F2 enables alarm printing and the display changes to 

"Disable Alarm Printing." 

nonfiour * Cabinet 
selection of Configure Cabinet allows the entry or 
modification of chemical gas names for a cabinet and tool 
names and tool numbers that are displayed on the manifold 
graphic associated with the delivery legs. Of course, this 
should be done to match changes which are made in the gas used 
or leg/ tool connections at the cabinets. Also, a cabinet can 
be disabled or enabled from operator selection. 



Splfcting Configure Cabinet 
After entering Configuration Mode, to select the Configure 
Cabinet function, the operator presses Ctrl and F3 simultaneously. A menu of 
available cabinets appears in the Menu /Prompt area, as in the screen shown 
in Fig. 23. 

Next the cabinet desired is selected. A menu appears with 
options to update the chemical name for a cabinet, disable cabinet from 
operator selection, or update tool data .for a cabinet, as in the Configuration 
Mode Cabinet Definition List screen (Fig. 24). 

Update gas Kame 

This selection allows the operator to update the gas 
name used on various displays for a particular cabinet. 

To update a gas name, after selecting Configure 
cabinet, the operator presses Ctrl and PI. A prompt is 
displayed requesting entry of the gas name. The desired gas 
name is typed in and entered. The Configure Cabinet menu 
returns with the new gas name being displayed. 

n^ Hjtbla cabinet 

This selection toggles between "Disable Cabinet" and 
"Enable Cabinet." If a cabinet is disabled, it will not be 
available for selection for any mode in the system except 
Configuration Mode. The screen will display "Disable Cabinet" 
if it is currently enabled. 



10 



15 



-52- 

To select Disable Cabinet, after selecting Configure Cabinet, the 
operator presses Ctrl and F2. Now the cabinet is disabled and the display now is 
"Enable Cabinet". 

flpHafATnnl Data 

This selection allows the operator to update tool names and tool 
numbers for each delivery leg of a particular cabinet. 

To update tool data, after selecting Configure Cabinet, the operator 
presses Ctrl and F3 and a new menu wiU appear displaying tool update selections 
for each delivery leg. To update the tool data for a delivery leg, the operator 
presses the associated control and function key combination. For example, he or 
she presses Ctrl and F3 to update tool data for Leg 3. A menu will appear with 
selections to Update Tool Name and Update Tool Hex Number. 

To Update Tool Name, the operator presses Ctrl and Fl and a prompt 
will appear asking for the new tool name. V^e new name is typed in and entered. 
The menu will return with the options to Update Tool Name and to Update Tool 
Hex Number. 

To Update Tool Hex Number, the operator presses Ctrl and F2 and a 
prompt will appear asking for the new tool hex number. The new hex number is 

typed in and entered. 
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T*»'M?i?^ y/Q Screen 
The Tabular I/O Screen is shown in Fig. 25. 

The above screen provides a presentation of all 
cabinet inputs and outputs found for a particular cabinet. It 
provides basically the saiae information that is found in the 
cabinet graphics. However, there are data that are not 

displayed elsewhere. 

This mode is used primarily for maintenance 
purposes. It provides maintenance personnel with detailed 
information of exactly what the gas cabinet is reading on its 
inputs and what the controller is putting out on the output 
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lines. The inputs and outputs are color-coded. For the valve outputs, green 
indicates that the valve is open, while red indicates that the valve is closed. For 
the other outputs to the alarm bus, the color green indicates an energized, normal 
state, whereas red indicates an alarm state. For the inputs, the color green 
indicates that the input is active while red indicates that the input is not active. 

Printing 

Pressing key F5 will cause the printer of the control computer to print 

all the information on the current screen. 

FviHng to Dos 



Exiting to Dos terminates the supervisory program and allows the 
operator to use the computer for other purposes. To exit to Dos from any screen, 
the operator presses the FIO key and a prompt appears asking for the password. 
The main system password is entered, and the supervisor program will terminate, 
and the computer can be used for other purposes. 

rni ynusiON 

It can be seen from the foregoing that the present invention amply 
saHsfies the objectives set forth above. It provides a gas flow control system which 
is capable of both local operation of each gas flow control unit, and central 
operation from a single personal computer by a single operator. Tlus provides for 
simultaneous monitoring of the operation of each flow control unit, and of the 

system in its entirety. 

Centralized control is provided with a minimum cost of cabling and 

wiring. 

A highly versatile gas control unit is provided which supplies process 
gas to any one or all of four different tools at which the gas is utilized. 
Furthermore, the gas can be supplied from either of two alternative source tanks 
so as to minimize down-time and insure a continuous flow of process gas. 

The system provides a high degree of operator safety, without the cost 
usually required in past systems. The cost of purging various flow lines in the 
control units is simplified and made faster by the provision of local purging 
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'«chni,ue. in .he short secttons of the gas distribuHon legs in the How control 
uniU, rather than purging the entire length of the conduit from the flow control 
cabinets to the tool locations. This saves gas and time. 

Purging of the delivery lines to the tools is made possible, even 
5 .hough flow-though purging is not available, thus improving safety in line 

maintenance operations. 

Automatic selection of exhaust conduit size parameters allows the 

parameters, by means of a few simple keystrokes, to accommodate the gas flow 
control unit .o be used wi.h a variety of different sizes of exhaust conduits wh.ch 
LO may be installed in a given plant, thus increasing the versatility of a,e flow control 
equipment, as well as decreasing installation costs. 

Considerable labor savings are created by the provision of automatic 
means to re-calibrate the zero readings of various pressure and weight «ansducers 
the system. By utiUzing a pressure source already available in the sys.em, 
15 hardware cos.s are minimized. Moreover, fte caUbra.ion is done wiihou. 
exposing .he gas flow conduits to the contaminating atmosphere. The cahbratrons 
are performed quickly and easily by the operation of a few controls. 

Changing the wiring connecHons between the tools and the gas 
cabinets does not require mechanical re-wiring. Instead, the connections are 
20 changed in software, by means of a few keystrokes. 

The above description of the invenHon is intended to be illustrative 
and not limiting. Various changes or modifications in the embodiments described 
may occur to those skilled in the art and these can be made without departmg 
from the spirit or scope of the invention. 
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„«r,..«MT<! OF THE INVENTION IN WHICH AN EXCLUSIVE 

^j|SSSSSSSEEABEEEHSffiIMaB!UflH& 

1 to or for a process gas distributon control urut handling hazardous gasses 
having gas conduit means for conducHng said process gas fn,m a source towards 
a umization locaHon, control means for controlling .he flow of said gas through 
said conduit means, and at least one gas pressure measurement transducer for 
n^easuring the pressure of said gas in said conduit means, a system for calibrating 
said pressure transducer comprising reference means for subjecting said 
transducer to a known value of pressure, means for measuring an electrical 
output signal of said transducer, means for comparing said electrical output 
signal with a known standard signal and developing a difference signal 
corresponding to ^ difference between said standard signal and said output 
signal, memory means for storing data corresponding ,0 said difference signal, 
and correcHon means u^izmg the stored data to correct the output signal of said 



transducer. 



2 A device as m claim 1 including a vacuum source, said reference means 
comprising means for selectively connecting said vacuum source to said 



transducer. 



3. A device as in claim 2 in which said gas conduit means includes gas 

o T^iiir;ilitv of utilization locations, 
conduits for distributing said process gas to a plurality ot utu 



and purge means 
for purging. 



for selectively connecting said conduits to said vacuum source 
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4. A device as in claim 1 which said correction means comprises digital 
computer means for addir,g or subtracting from the output of said transducer a 
signal corresponding to said difference signal to correct the zero reading of said 



transducer. 



5. A device as m claim 2 in which said gas conduit means includes a 
plurality of process gas distribution conduits and at least one purge gas supply 
conduit, in which said output of said transducer represents absolute pressure, 
and means for selectively and altematingly co«.ecting firs, said vacuum source 
and then said purge gas supply conduit to at least one of said process gas 

distribution conduits. 



6. A device as in claim 2 in which said vacuum source comprises a venturi 
pump with means for admitting pressurized purge gas as the driving gas for said 
pump, and having a vent. 

7. A device as in claim 1 in wihch said memory means comprises non- 
volatile data storage means. 



8. A device as in 



claim 7 in which said data storage means is an EEPROM. 



9. A method of calibrating gas pressure transducers in a process gas 
distribution system handling hazardous gasses having gas conduit means for 
conducting process gas, said method comprising the steps of: 
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a) subjecting each of said transducers to a reference value comprising a 
known gas pressure; 

b) measuring the electrical output signal of said transducer; 

c) utilizing a pre-programmed digital computer having a memory to 
compare said measured output signal with a pre-determined 
electrical signal corresponding to said known pressure and 
determining the difference between said signals; 

d) storing in the memory of said computer data corresponding to said 

reference; and 

e) utilizing said stored data to correct subsequent output signals of said 

transducer. 



10. A method as in claim 9 in which said subjecting step comprises connecting 
said transducer to a vacuum source, and including the step of selectively 
comtecting said vacuum source to process gas distribution lines to purge them. 



11. A method as in claim 10 in which said transducer is adapted to produce 
output signals representing absolute gas pressure. 

12. In or for a process gas distribution control unit handling hazardous gasses 
having gas conduit means for conducting process gas from a pressurized 
container towards a utilization location, support means for supporting at least 
one pressurized container of process gas and weighing means for weighing said 
container to determine the amount of gas in said container while said container 
is com^ected to said gas conduit means, said weighing means including at least 
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- one weight measurement transducer, a system for calibrating said weight 
measurement transducer comprising means for measuring and electrical output 
signal of said transducer means for comparing, with a known standard signal, a 
reference value of said electrical output signal produced when said weighing 
means is subjected to a reference weight and developing a difference signal 
corresponding to the difference between the value of said standard signal and 
said reference value, memory means for storing data corresponding to said 
difference signal, said correction means utilizing the stored data to correct the 
output signal of said transducer. 

13. A device as in claim 12 in which said reference weight is the weight 
bearing on said transducer when said weighing means is empty. 

14. A device as in claim 13 including means for giving a computer prompt 
display indicating the need to empty said weighing means before caUbrating said 
transducer, and for inhibiting the calibration of said transducer when said 
prompt display is not responded to by an operator. 

15. A method of calibrating gas supply detectors in a process gas distribution 
system handing hazardous gasses having gas conduit means for conducting 
process gas from a pressurized container towards a utilization location, said 
detectors comprising weight transducer for weighing a pressurized container of 
process gas to determine the amount of gas in said container while said container 
is connected to said gas conduit means, said method comprUing the steps of: 

a) subjecting each of said transducers to a reference weight; 
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b) measuring the electrical output signal of each of said transducers; 

c) utilizing a pre-programmed digital computer with memory to 
compare said measured output signal with a pre-determined 
electrical signal corresponding to a reference weight and determined 
the difference between said signals; 

d) storing in said memory of said computer data corresponding to said 

difference; and 

e) utilizing said stored data to correct subsequent output signals of said 
transducer. 



16. A method as in claim 15 in which the step of subjecting each of said 
transducers to a reference weight comprises removing the weight of said 
container from said transducer. 



17. A method as in claim 16 including the step of displaying on a computer 
control display a prompt to ensure that the container has been removed from 
said transducer before calibrating said transducer, and inhibiting the calibration 
routine if the operator does not respond to the prompt. 



18. In or for a process gas distribution control unit handling hazardous gasses 
having a gas conduit to conduct said process gas from a source towards a 
utilization location, a control unit to control the flow of said gas through said 
conduit, and at least one gas pressure measurement transducer to measure the 
pressure of said gas in said conduit, a system for calibrating said pressure 
transducer comprising a reference source to subject said transducer to a known 
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value of pressure, a measuring unit to measure an electrical output signal of said 
transducer, a comparator to compare said electrical output signal with a known 
standard signal and to develop a difference signal corresponding to the difference 
between said standard signal and said output signal, a memory to store data 
corresponding to said difference signal, and a corrector which uses the stored data 
to correct the output signal of said transducer. 



19. A device as in claim 18 including a vacuum source, said reference source 

valve to selectively connect said vacuum source to said transducer. 



comprising a 



20. A device as in claim 19 including gas conduits to distribute said process gas 
to a plurality of utilization locations, and a purge controller to selectively connect 
said conduits to said vacuum source for purging. 



21. A device as in claim 18 in which said corrector comprises a digital 
computer for adding or subtracting from the output of said transducer a signal 
corresponding to said difference signal to correct the zero reading of said 



transducer. 



22. A device as in claim 21 including a plurality of process gas distribution 
conduits and at least one purge gas supply conduit, in which said output of said 
transducer represents absolute pressure, and a controller to selectively and 
altematingly connect first said vacuum source and then said purge gas supply 
conduit to at least one of said process gas distribution conduits. 
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23. A device as in claim 21 in which said vacuum source comprises a venturi 
pump with means for admitting pressurised purge gas as the driving gas for said 
pump, said pump having a vent to atmosphere. 



24. 



A device as in claim 18 in which said memory comprises a non-volatile 



data storage device. 



25. A device as in claim 21 in which said data storage device is an EEPROM. 

26. In or for a process gas distribution control unit handling hazardous gasses 
having a gas conduit to conduct process gas from a pressurized container towards 
a utUization location, a support for supporting at least one pressurized container 
of process gas and a weighing device to weigh said container to determine the 
amount of gas m said container while said container is connected to said gas 
conduit, said weighing device including at least one weight measurement 
transducer, a system for calibrating said weight measurement transducer 
comprising a measuring unit to measure an electrical output signal of said 
transducer, a comparator to compare, with a known standard signal, a reference 
value of said electrical output signal produced when said weighing device is 
subjected to a reference weight and to develop a difference signal corresponding 
to the difference between the value of said standard signal and said reference 
value, a memory to store data corresponding to said difference signal, and a 
corrector utilizing the stored data to correct the output signal of said transducer. 



27. 



A device as in claim 1 in which said reference weight is the weight bearing 
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on said transducer when said weighing device is empty. 
— »■ 

28. A device as in claim 27 including a controller to catise a prompt display 
indicating the need to empty said weighing means before calibrating said 
transducer, and to inhibit the calibration of said transducer when said prompt 
display is not responded to by an operator. 
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A system including a plurality of gas flow control units in cabinets 
which are connected to distribute process gas, on demand, to a plurality of 
utilization locations known as "tool" locations in a semi-conductor 
manufacturing plant. Transducers are used in the system to measure 
pressures and other control parameters. Zero calibration of the transducers 
is provided by automatically subjecting each transducer to a reference 
computer routine to compute the difference between the standard value 
and the transducer output, and store the difference as an "offset" to correct 
the output of the transducer. Thus, re-calibration is performed simply and 
quickly, at a relatively low labor cost and with relatively little downtime for 
the system. 
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